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THE EFFECTS OF THREE RODENTICIDES ON 
NONTARGET SMALL MAMMALS AND INVEkl"ImRATES 
Abstract 
MICHELE S. DEISCH 
Mortality of nontarget small mammals and inverte-
brates using 3 rodenticide treatments (prebaited zinc 
phosphide, prebaited strychnine, and strychnine alone) 
was evaluated in western South Dakota. Rodenticides were 
applied September 22-24, 1983 on 15 black-tailed prairie 
dog (Cynomys ludovicianus) towns. Immediate (September 
1983) and long-term (September 1983 through August 1984) 
rodenticide efficacy and impacts on nontarget wildlife 
species were evaluated. 
None of the 3 rodenticide treatments produced 
significant ( a < 0.10) immediate impacts on deer mice 
(Peromyscus maniculatus) relative densities. Increases 
of deer mice densities occurred in 1984 on sites that had 
been treated with the 2 strychnine treatments. These 
long-term increases in deer mice densities were due to 
habitat change associated with the absence of prairie 
dogs. Overall, comparisons among the 3 rodenticides for 
efficacy indicated that zinc phosphide reduced deer mice 
densities greater than either strychnine treatment. 
x 
Seven invertebrate taxa were evaluated. IIMlediate 
and long-term effects of the 3 rodenticide treatments 
occurred when significant differences in invertebrate 
densities were found between control and treated sites. 
Spider mites (Acarina) and crickets (Orthoptera) were not 
( a > 0.10) affected by the 3 rodenticides. IIMlediate 
impacts of zinc phosphide occurred on ant (Hymenoptera) 
densities and long-term impacts were found in August 
1984. Strychnine alone iIMlediately reduced wolf spiders 
(Araneae) 13% in September 1983 and densities increased 
on treated sites as compared to control sites in June 
1984. 
Densities of darkling beetles (Coleoptera) in 
September were significantly reduced with zinc phosphide. 
Ground beetle and dung beetle (Coleoptera) densities were 
not iIMlediately reduced by the rodenticides in September. 
Generally, the few long-term changes in invertebrate 
densities are attributed to biotic and abiotic factors. 
Changes in vegetation structure due to prairie dog 
control may have affected invertebrate densities. 
Comparisons among rodenticides for efficacy 
indicated that zinc phosphide immediately reduced densi-
ties of ants and darkling beetles greater than either 
strychnine treatment. None of the other rodenticide 
comparisons showed significant differences in inunediate 
reductions of nontarget invertebrates in September 1983. 
xi 
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INTRODUCTION 
The inunediate and long-term effects of rodenti-
cides on nontarget wildlife has not been fully evaluated 
for certain species. Many rodenticides are nonspecific 
and a margin of safety to nontarget wildlife is of ten 
overlooked in the selection of toxic baits. Chemical con-
trol of black-tailed prairie dogs (Cynomys ludovicianus) 
in western South Dakota provided an opportunity to study 
the impacts on nontarget small manunals and invertebrates. 
Widespread prairie dog control programs began on 
the Great Plains with the use of strychnine in the late 
1800's (Merriam 1902). Today, prairie dogs are still 
considered an agricultural pest since they directly 
compete with cattle for forage plants (Hansen and Gold 
1977). Considerable time and money have been spent to 
control prairie dogs (Collins et al. 1984), yet limited 
efforts have been made to study the overall ecology of 
prairie dog towns and assess the other biotic conununities 
that are affected by rodenticides. 
Rodenticides used for prairie dog control included 
zinc phosphide and strychnine. Zinc phosphide is an old 
established rodenticide (Crabtree 1962, Mallis 1969, Timm 
1983). Popularity of this poison has increased in recent 
years, resulting in improved formulation and application 
rates for prairie dog control (Tietjen 1976). Rudd and 
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Genelly (1956) indicated that zinc phosphide, a hazardous 
nonspecific chemical, has caused considerable losses of 
wildlife throughout Europe. However, nontarget wildlife 
deaths are less frequent in the United States due to 
proper application (Rudd and Genelly 1956). Zinc phos-
phide appears to be a safe acute rodenticide with the 
least environmental impact (Hilton et al 1972). Secondary 
poisoning poses minimum threat to predators and scaven-
gers that feed on poisoned rodent carcasses (Bell and 
Dimmick 1975, Schitoskey 1975, Hegdal et al. 1981). 
Strychnine was used in the United States for wolf 
(Canis lupus) control around 1847 (Young and Goldman 1944, 
Crabtree 1962). Hazards exist to nontarget animals that 
consume strychnine bait or poisoned carcasses (Rudd and 
Genelly 1956, Hegdal and Gatz 1977). Schitoskey (1975) 
reported that a kit fox (Vulpes macrotis) perished after 
it consumed a kangaroo rat (Dipodomys spp.) poisoned with 
strychnine. 
Prairie dogs create niches for small mammals and 
invertebrates in rangeland ecosystems (Koford 1958, Allen 
1967, O'Meilia et al. 1982, Agnew 1983). For example,· 
prairie dogs act as ecosystem regulators by maintaining 
quality short-grass habitat suitable for some small 
mammals (Koford 1958, O'Meilia et al. 1982, Agnew et al. 
1986, Maccracken et al. 1985a) and invertebrates (Wilcomb 
1954, Koford 1958, Agnew 1983) that are associated with 
3 
sparse vegetative cover. Agnew et al. (1986) found that 
greater densities of small manunals were found on prairie 
dog towns than on undisturbed grasslands. However, 
species richness was not as diverse on towns. Prairie 
dog burrows attract small manunals and invertebrates 
(Blair 1940, Wilcomb 1954, Koford 1958, Smith 1967) 
for security cover and nesting habitat. When a prairie 
dog town is poisoned, the ecological habitat of small 
manunals and invertebrates is disturbed. Whether this 
disruptive effect is harmful or beneficial to nontarget 
wildlife species, is largely unknown. 
The purpose of this study was to assess the 
immediate (September 1983) and long-term (September 1983 
through August 1984) responses of small manunal and 
invertebrate densities on poisoned prairie dog towns. 
Secondly, the efficacy of rodenticides was compared for 
reduction of nontarget species. Three rodenticide treat-
ments were evaluated: prebaited zinc phosphide, prebaited 
strychnine, and strychnine alone. The information from 
this study will provide management guidelines to federal · 
and state government agencies and landowners for minimi-
zing nontarget losses due to prairie dog rodenticides. 
' 
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STUDY AREA 
The study was conducted south of Wall and east of 
Rapid City on Buffalo Gap National Grasslands and in the 
Badlands National Park of western south Dakota (Fig. 1). 
The study sites overlie sedimentary soil deposits of 
plastic clay, gravel, silt, and volcanic ash known as 
Pierre shale, Chadron, Brule, and Sharps formations 
(Hauk 1969). Geological features consist of sharp 
pinnacles, towers, steep gorges, and faults ranging in 
elevation from 820 to 900 m. Vegetated table top buttes 
and gently rolling mixed grasslands scattered throughout 
the Badlands formations characterize much of the area and 
support a diversity of prairie dog establishments, 
commonly called towns. 
The National Grasslands located in Conata Basin 
were grazed by cattle from mid-May to late October each 
year. Stocking levels were set by the Forest Service and 
they varied each year depending upon moisture and forage 
availability. Native herbivores inhabiting the area 
included black-tailed jackrabbit (Lepus californicus), 
white-tailed jackrabbit, (L. townsendi), eastern cotton-
tail, (Sylvilaqus floridanus), pronghorn (Antilocapra 
americana), mule deer (Odocoileus hemionus), and various 
small rodents. American bison (Bison bison) were located 
in Badlands National Park and cattle were not present 
.. 
Fig. l. Map of study area showing control and treated sites in western 
South Dakota. 
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44 
* * 
PINE RIDGE INDIAN RESERVATION 
SOUTH DAKOTA 
• 
map location 
44 
I 0 10 -LEGEND-----------------------' 1 kl1~~~~!:sH 
(2IJ Badlands National Park Zinc Phosphide Sites Strychnine Sites Pre-Baited Strychnine Sites 
- Highways •Treated A Treated •Treated · 
OControl AControl 'it Control 
' 
6 
within the park boundaries. 
The dominant grasses were western wheatgrass 
(Agropyron smithii), blue grama (Bouteloua gracilis), 
buff alograss (Buchloe dactyloides) and needleleaf sedge 
(Carex eleocharis). Prairie dogweed (Pysodia papposa), 
Patagonia Indianwheat (Plantago patagonica), buckhorn 
(Plantago spinulosa), scarlet globemallow (Sphaeralcea 
coccinea) and , postrate bigbract verbena (Verbena 
bracteata) were the dominant forbs. 
A semiarid-continental climate with extreme cold 
winters and hot fluctuating swmner temperatures was 
distinctive of the area. Climatological data recorded at 
Cedar Pass Visitor Center, Badlands National Park, 
indicated a mean temperature of 10 C, ranging from -5 c 
in January to 26 c in July (Appendix A-1). Average annual 
precipitation was 39.7 cm, most of which fell as high 
intensity thundershowers from April through September. 
' 
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MATERIALS AND METHODS 
Small ·manunals and invertebrates were sampled at 4 
week intervals on regular basis from May through October 
of 1983 (pretreatment) and May through August of 1984 
(posttreatment). Eighteen permanent 100- x 100-m (1.0-ha) 
plots were established on 15 prairie dog towns for 
determination of small mammal and invertebrate species 
composition and relative densities (Fig. 2). The 3 
rodenticide treatments were clustered into 3 separate 
groups 13 and 16 km apart. Each rodenticide treatment 
had 3 control and 3 tre~ted sites. Zinc phosphide treat-
ments were applied to sites in Badlands National Park 
because of regulations against the use of strychnine. 
The other 2 treatments, strychnine with prebait and 
strychnine alone, were assigned at random on Buffalo Gap 
National Grasslands in Conata Basin. 
Small Mammals 
Relative densities of small mammals (unique 
mammals/trap session) were determined for each of the 18 
sites by placing 64 Sherman live traps (23- x 9-cm) 10-m 
apart in 8 rows and 8 columns. The 80- x 80-m grid had a 
10-m border buffer ·making up a 100- x 100-m permanent 
plot (Fig. 2) • 
Trapping began in May of each year and continued 
at 4 week intervals. Each trap session consisted of 1 
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Fig. 2. Study site grid design (80- x 80-m) with 10-m border buffer 
making up a 100- x 100-m permanent plot. The 64 small mammal 
traps and the 49 insect pitfall traps are spaced 10-m apart • 
• • • • • • • • 
)< )< x x x )< x 
• • • • • • • • 100 m. 
x x )< ')( x x x 
• • • • • • • • 
x x x x x x x 
• • • • • • • • 
x x x x x x }( 80 m. 
• • • • • • • • 
x. x x x x x x ... --- ...... ,,,.... ' • • • • • l• •\ • I \ x x x x x' x lx \ I 
~ I • • • • • /\. ~I -i I " ,,, I , ___ ... x x. x x IX. x x 10m. 
I J • • • • • I • I !....1om._, I 
e Small mammal trap TRAP 
X Insect pitfall trap Pitfall Q 10 m. 
TRAP l 
9 
night of prebaiting to condition small rodents to bait 
followed by 4 consecutive nights of trapping (256 trap 
nights/session). Traps were opened in late afternoon on 
all sites to avoid early trap closure by prairie dogs and 
were checked the following day at dawn. 
Traps were baited with a mixture of peanut butter 
and rolled oats. A sufficient supply of food and dacron 
batting were placed in each trap to sustain captured 
animals. Heavy wires were placed over each trap and 
inserted into the ground, preventing disturbance from 
weather, large herbivores, or prairie dogs. Captured 
rodents were identified as to species (Burt and 
Grossenheider 1976, Hall 1981) and each mammal was 
assigned a number by toe amputation (Taber and Cowan 
1969). Relative densities of each species were estimated 
as the number of unique small mammals captured per trap 
session. 
Invertebrates 
Invertebrate populations were sampled on 18 sites 
with pitfall traps as described by Greenslade (1964), 
Ahearn (1971), Gist and Crossley (1973), and Thomas and 
Sleeper (1977). Metal cans (15 x 15 cm) lined with 
plastic buckets were used to trap invertebrates. Forty-
nine cans were buried flush with the soil surface in a 
grid at 10 m spacing on each of the 18 sites (Fig. 2). 
Plastic lids and wooden boards covered the traps when not 
' 
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in use and held down the plastic liners. Covers were 
removed when trapping was initiated. Pitfall traps were 
opened for 4 consecutive nights (196 trap nights~session) 
on each site. Insects were trapped during 5 sessions 
from May through October of 1983 (pretreatment) and 4 
sessions from May through August of 1984 (posttreatment). 
Invertebrates were removed, counted, and classified 
(Borror and White 1970, Milne and Milne 1980) on each of 
the 4 days. A mean of each taxa per trap session was 
estimated for relative density. One speciman of each taxa 
was preserved in a reference collection. 
Rodenticides and Bait Application 
Steam-rolled oats used for prebait and poisoned 
bait were formulated at the U.S. Fish and Wildlife 
Service Pocatello Supply Depot. A 2.0% by weight active 
zinc phosphide and 1.5% Alcolec sl adhesive were applied 
to oats. Strychnine alkaloid was applied to oats as 0.5% 
by weight. Nontreated steam-rolled oats (4 g) were 
applied as prebait for zinc phosphide and for 1 strych-
nine treatment during September 20-21, 1983. Prebaited 
areas were checked prior to baiting to assure that a 
majority of the prebait had been consumed. 
Active rodenticides on steam-rolled oats (4 g) 
lAlcolec S was used as an adhesive. It was made by 
American Lecithin Co., Inc. 
11 
were applied 3 days after prebaiting (September 22-24, 
1983)· It was applied in accordance with Federal label 
instructions and restrictions. Both prebait and rodenti-
cides were applied to large areas from bait dispensers 
afixed to Honda 3-wheel ATV's (Schenbeck 1982). Smaller 
acreages were poisoned by people on foot and bait (4 g) 
was distributed onto mounds with hand held teaspoons. 
To measure immediate (September 1983) impacts of 
rodenticides on nontarget wildlife, small mammals and 
invertebrates were sampled on each of the 18 sites 1 week 
before application of poisons in 1983 (pretreatment). The 
fourth day after rodenticides were applied, posttreatment 
counts were taken on all sites. Long-term (September 1983 
through August 1984) impacts of rodenticides were evalu-
ated from densities of small mammals and invertebrates 
sampled during the 1984 trap sessions. Rodenticides were 
not applied in 1984. 
Statistical Analyses 
Each rodenticide was evaluated for effects on 
nontarget species by comparison of the change of mean 
relative density from pre- and posttreatment observations 
on each treated cluster of sites with the change observed 
on respective control sites. Five comparisons through 
time were assessed beginning with immediate impacts 
measured in September 1983 just prior to (pretreatment) 
and after (posttreatment) poisoning. The remaining 4 
12 
comparisons were the differences in years from 1983 
(pretreatment) to 1984 (posttreatment) using the 
Statistical Analysis System (SAS Institute, Inc. 1982a, 
1982b) procedures. Analysis of variance was used to 
detect if the covariate (pretreatment) was acting 
independently from the posttreatment data. When a 
significant ( a < 0.10) interaction was detected, linear 
regression analysis (Eq. 1) was used and if non signifi-
cant, ·subtraction (Eq. 2) was used, 
detail below. 
as described in 
When correlation between pre- and posttreatment 
data was significant (a< 0.10), analysis of covariance 
was used to estimate the change in posttreatment observa-
tion when adjusted for the covariate, the pre- treatment 
observation. That is, Zij = Yij - b(Xij - X), (Eq. 1) 
where Zij is the adjusted observation for the j-th site 
in the i-th treatment cluster, Yij is the posttreatment 
observation, b is the overall regression coefficient, Xij 
is the pretreatment observation and X is the overall 
pretreatment mean. 
If correlation between pre- and posttreatment 
observations was not significant (a> 0.10), changes were 
estimated by the differences between posttreatment and 
pretreatment data. That is, 
(Eq. 2) 
and the analysis was based on an interaction between time 
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and treatment as the indicator of a significant change 
due to treatment (Green 1979). 
Once the form of the change variable (Zijl was 
determined, specific contrasts between treated and 
respective control clusters were calculated as c1 = 
Z1 - Z2, C2 = Z3 - Z4, C3 = Z5 - z6 where z1 was the 
estimated average change on the treated zinc phosphide 
sites, Z2 was the estimated average change on the respec-
tive control sites, and so on for the prebaited and 
nonprebaited strychnine cluster treatments. 
If significant individual treatment effects were 
observed by covariance analysis or by the interaction 
between time and treatment 
among rodenticides were 
F-protection for Type I 
(subtraction}, comparisons 
produced (after significant 
error at a = 0.10} forming 
contrasts c4 = c1 - C2, C5 = C1 - C3 and c6 = C2 - c3 . 
Randomization procedure was used to estimate the statis-
tical significance of the various contrasts (Edgington 
1980, Romesburg 1981). This test does not rely on the 
normality assumption inherent in standard parametric 
tests such as analysis of variance. Rather, it provides 
separate but exact probabilities for each contrast, 
depending on ·the outcome of statistics for significant 
correlation or subtraction, regression slopes among 
treatment clusters, and homogeneous variance among 
treatment clusters. A test statistic (t) was computed 
14 
for each contrast (Ci), 
t = Ci/Sqrt(Var Ci), ( Eq. 3) 
in the randomization procedure, and significant levels 
were based on 10,000 random permutations of adjusted data 
pairs (Xiji Yij) among treatment clusters. Variance of a 
contrast (Var Ci) was calculated as the sum of the 
variances of the means in the contrast, with calculated 
individual variances based on the covariance and homoge-
neous variance assumptions appropriate for the particular 
variable. 
The rejection of any rodenticide impact (Type II 
error) to nontarget species was considered more serious 
than the potential incorrect acceptance of a significant 
treatment effect (Type I error). After significant ( a< 
0.10) treatment differences were detected with covariance 
or subtraction, Type II error protection was produced by 
testing each contrast individually. Type I error protect-
ion was afforded by testing for a significant (a < 0.10) 
individual contrast of treatment differences with 
analysis of variance or covariance (Carmer and Swanson 
1973). 
Individual contrasts were considered biologically 
significant at a < 0.20. Although an alpha of 0.20 is 
not a standard level of significance, it is becoming more 
accepted for ecological field studies (Hayne 1976). The 
number of sites avai1able for this study produced a power 
15 
(probability of detecting a true difference) of 0.80. 
This was an acceptable combination of Type I and Type II 
error protection (Carmer 1976) and allowed for reasonable 
biological inferences to be drawn from the data. 
16 
RESULTS 
Small Mammals 
The 11 rodent species captured on the 18 sites 
were deer mouse (Peromyscus maniculatus), northern 
grasshopper mouse (Onychomys leucogaster), Ord's kangaroo 
rat (Dipodomys ordii), thirteen-lined ground squirrel 
(Spermophilus tridecemlineatus), western 
(Reithrodontomys meqalotis), hispid 
(Peroqnathus hispidus), plains pocket 
harvest mouse 
pocket mouse 
gopher (Geomys 
bursarius), prairie vole (Microtus ochrogaster), house 
mouse (Mus musculus), olive-backed pocket mouse 
(Peroqnathus fasciatus), and norway rat (Ratus 
norveqicus) (Table 1). Deer mice were the only rodents 
captured in sufficient numbers to be used for statistical 
comparisons. Appendicies A-2 through A-4 list the 
relative densities of rodent species captured on treated 
and control sites for each rodenticide. 
There were no immediate impacts (P = 0.2950) of 
zinc phosphide on deer mice relative densities in 
September 1983 (Fig. 3). Although differences in densi-
ties of deer mice on control and treated sites from May 
through August 1984 were not detected, numbers of deer 
mice were consistently lower on the treated sites as 
compared to the control sites. 
Immediate impacts of strychnine treatment on deer 
Table 1. Relative density of small mammals (numbers/256 trap nights) on treated and control 
prairie dog towns in western South Dakota, 1983 and 1984. 
1983 1984 
Species Treated Control Treated Control 
Peromyscus maniculatus 21 33 9 15 
Onychomys leucogaster 7 10 3 3 
Spermophilus tridecemlineatus <l <l 2 <l 
Dipodomys ordii 0 2 0 2 
Reithrodontomys mega lo tis <l <l 0 0 
Microtus ochrogaster <l 0 0 0 
Geomys bursarius 0 <l 0 0 
Mus musculus 0 <1 0 0 
Perognathus hispidus 0 <1 0 0 
Rattus norvegicus 0 0 0 <l 
Perognathus fasciatus 0 <l 0 0 
Total 28 46 14 20 
t-
-...J 
Fig. 3. Monthly comparisons of deer mouse (Peromyscus maniculatus) 
means/256 trap nights on sites treated with zinc phosphide 
and control sites, September 1983-August 1984. Adjusted 
means (bars) were estimated by analysis of covariance. 
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mice were not found (P = 0.2950) (Fig. 4). Relative 
densities of deer mice were significantly higher on 
treated sites in June (P = 0.0431) and August (P = 
0.0337). The other 2 months showed no differences in 
small mammal densities between control and treated sites. 
Relative densities of deer mice were not affected 
(P = 0.2950) by prebaited strychnine in September (Fig. 
5). Differences in deer mice on control and treated 
sites were detected in August (P = 0.0631) in which 
higher on treated areas. The remaining densities were 
months showed no differences in deer mice densities 
between treatments. 
Comparisons for efficacy of the 3 rodenticides 
were made at a < 0.20 (after significant F-protection at 
a < 0.10). Since none of the 3 rodenticides effectively 
reduced densities of deer mice, statistical contrasts of 
rodenticides were not determined for September. 
Efficacy of zinc phosphide versus strychnine on 
monthly densities of deer mice is listed in Appendix A-5. 
Significant main effects in June (P = 0.0299) and August 
(P = 0.0180) indicated that zinc phosphide reduced 
densities of deer mice better than strychnine. 
Comparisons of rodenticides during May and July showed no 
differences in reduction rates. 
There were no differences ( a > 
effects of zinc phosphide ·compared 
0.20) among main 
to prebaited 
Fig. 4. Monthly comparisons of deer mouse (Peromyscus maniculatus) 
means/256 trap nights on sites treated with strychnine 
and control sites, September 1983-August 1984. Adjusted 
means (bars) were estimated by analysis of covariance. 
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Fig. 5. Monthly comparisons of deer mouse (Peromyscus maniculatus) 
means/256 trap nights on sites treated with prebaited 
strychnine and control sites, September 1983-August 1984. 
Adjusted means (bars) were estimated by analysis of 
covariance. 
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strychnine on deer mice from May through July (Appendix 
A-6). Efficacy of zinc phosphide in August (P = 0.0266) 
was greater than prebaited strychnine. 
Main effects among the 2 strychnine rodenticides 
indicated that strychnine alone was more effective than 
prebaited strychnine for reducing densities of deer mice 
in June (P = 0.1739) (Appendix Table A-7). Efficacy of 
these 2 rodenticides for the other months was not 
different (refer to Appendicies B-1 through B-5 for 
analyses and adjusted values of deer mice means for each 
rodenticide). 
Invertebrates 
Five classes of invertebrates were collected 
(Table 2). Insecta was represented by 6 orders and 
26 families. Arachnida was represented by 4 orders and 
10 families. The classes Chilopoda, Diplopoda, and 
Crustacea were represented by 33, 26, and 6 individuals, 
respectively. A total of 16,723 invertebrates was 
captured during the 1983 and 1984 trapping sessions and 
of the 39 taxa represented, 7 were numerous enough for 
statistical analyses. The most abundant invertebrates 
found were ants (Hymenoptera), spider mites (Acarina), 
wolf spiders (Araneae), crickets (Orthoptera), and 
beetles (Coleoptera): ground beetles, scarab beetles, 
and darkling beetles. Appendicies B-6 through B-40 list 
monthly analyses and adjusted values of invertebrate 
23 
Table 2. Relative density of invertebrates (numbers/196 trap nights) 
captured in pit-fall traps in 1983 and 1984. 
Class or Order 
Species 
Class Insecta 
Order Coleoptera 
Family: 
Cantharidae (soldier beetle) 
Carabidae (ground beetle) 
Chrysomelidae (leaf beetle) 
Cicindelidae (tiger beetle) 
Coccinellidae (ladybug beetle) 
Cucujidae (flat bark beetle) 
Curculionidae (weevil) 
Elateridae (click beetle) 
Histeridae (hister beetle) 
Meloidae (blister beetle) 
Scarabaeidae (dung beetle) 
Silphidae (carrion beetle) 
Staphylinidae (rove beetle) 
Tenebrionidae (darkling beetle) 
Unknown Coleoptera 
Total captured Coleoptera 
1983 
2 
409 
21 
10 
11 
3 
23 
19 
42 
88 
214 
0 
1 
364 
so 
1257 
Number 
1984 
3 
555 
98 
8 
1 
6 
28 
63 
54 
90 
647 
I 
0 
466 
58 
2078 
Table 2. (cont.) 
Class or Order 
Species 
Class Insecta 
Order Hemiptera 
Family: 
Corimelaenidae (negro bug) 
Lygaeidae (seed bug) 
Pentatomidae (stink bug) 
Phymatidae (ambush bug) 
Reduviidae (assassin bug) 
Scutelleridae (shield-backed bug) 
Unknown Hemiptera 
Total captured Hemiptera 
Order Hymenoptera 
Family: 
Formicidae (ants) 
Unknown Hymenoptera 
Total captured Hymenoptera 
Order Lepidoptera 
Family: 
Noctuidae (cutworm larvae) 
Unknown Lepidptera larvae 
Total captured Lepidoptera larvae 
Order Mantodea 
Family: 
Mantidae (mantids) 
24 
Number 
1983 1984 
1 0 
35 18 
1 15 
1 0 
7 3 
0 4 
3 6 
48 46 
2564 2401 
2 4 
2565 2405 
57 155 
6 0 
63 155 
7 5 
Table 2. (cont.) 
Class or Order 
Species 
Order Orthoptera 
Family: 
Gryllidae and Gryllacrididae 
(true cricket and camel cricket) 
Tettigoniidae (katydid) 
Total captured Orthoptera 
Class Arachnida 
Order Araneae 
Family: 
Araneidae (orb weaver spider) 
Clubionidae (sac spider) 
Loxoscelidae (violin spider) 
Lycosidae (wolf spider) 
Salticidae (jumping spider) 
Theridiidae (comb-footed spider) 
Thomisidae (crab spider) 
Unknown Araneae 
Total captured Araneae 
Order Acarina 
Family: 
Tetranychidae (spider mite) 
Order Opiliones 
Family: 
Phalangiidae (daddy-long-legs) 
25 
Number 
1983 1984 
863 1189 
1 1 
864 1190 
90 1 
27 1 
2 0 
1231 864 
5 10 
15 74 
15 l 40 
160 140 
1681 1130 
2840 365 
l 1 
26 
Table 2. (cont.) 
Class or Order Number 
Species 1983 1984 
Order Solpugida 
Family: 
Eremobatidae (winds corp ion) 2 l 
Class Chilopoda (centipede) 15 18 
Class Crustacea (isopoda-sowbug) 1 5 
Class Diplopoda"(millipede) 18 8 
Total captured invertebrates 9362 7361 
means for each rodenticide. 
Ants (Hymenoptera) 
27 
Ants (Formicidae) were the most numerous inverte-
brate captured during the 1983 and 1984 trap sessions. In 
September 1983, zinc phosphide reduced ant densities (P = 
0.0831) on treated sites as compared to control sites 
(Fig. 6). There were no differences in relative densities 
between treatments from May through July. Significant (P 
= 0.0498) long-term differences in ant densities were 
detected in August when densities were unseasonably high 
on the control sites, as compared to the treated sites. 
Strychnine had no immediate effect (P = 0.7098) 
on ant relative densities in September 1983 (Fig 7). 
Monthly trends of ant densities on control and treated 
sites were not significantly different the following year 
from May through August. 
Prebaited strychnine did not cause immediate 
reductions (P = 0.6683) of ant relative densities in 
September (Fig. 8). Differences in densities between 
control and treated sites in 1984 were not significant. 
Comparisons for efficacy among the 3 rodenticides 
were tested at a < 0.20 (after significant F-protection 
at a < 0.10) • . Data analysis for May and June did not 
indicate significant differences among rodenticides for 
ant densities; therefore, statistical contrasts of 
rodenticides were not conducted for these months. 
Fig. 6. Monthly comparisons of ant (Hymenoptera) means/196 trap 
nights on sites treated with zinc phosphide and concrol 
sites, September 1983-August 1984. Adjusted means (bars) 
were estimated by analysis of covariance. 
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Fig. 7. Monthly comparisons of ant (Hymenoptera) means/196 trap 
nights on sites treated with strychnine and control sites, 
September 1983-August 1984. Adjusted means (bars) were 
estimated by analysis of covariance. 
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Fig. 8. Monthly comparisons of ant (Hymenoptera) means/196 trap 
nights on sites treated with prebaited strychnine and 
control sites, September 1983-August 1984. Adjusted means 
(bars) were estimated by analysis of covariance. 
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Main effects of zinc phosphide versus strychnine 
in September (P = 0.1360) and August (P = 0.0594) showed 
that zinc phosphide reduced ant relative densities 
greater than strychnine (Appendix A-8). There was no 
difference in efficacy between rodenticides in July (P = 
0.8532). 
Zinc phosphide significantly reduced ant relative 
densities greater than prebaited strychnine in September 
(P = 0.0195) and August (P = 0.0501) (Appendix A-9). In 
July, prebaited strychnine reduced ant densities greater 
than zinc phosphide (P = 0.1804). 
The 2 strychnine rodenticide treatments were 
compared for efficacy in reducing ant densities (Appendix 
A-10). There were no differences in efficacy rate 
between these rodenticides in September (P = 0.5534). 
Strychnine had greater efficacy as compared to prebaited 
strychnine in July (P = 0.1228). However, prebaited 
strychnine had greater efficacy than strychnine in August 
(P = 0.1869). 
Spider Mites (Acarina) 
Spider mites (Tetranychidae) were the second most 
abundant invertebrate captured. None of the 3 rodenticide 
treatments, when compared to the control sites, had a 
significant impact on spider mite relative · densities. 
Densities of spider mites in September on zinc phosphide 
control and treated sites were 31 and 37 individuals per 
196 trap nights, respectively (Fig. 
adjusted monthly densities of spider mites 
1984 than in 1983 on all sites. 
32 
9). Overall, 
were lower in 
Adjusted densities of spider mites were high in 
September and averaged 88 individuals per 196 trap nights 
on all strychnine sites (Fig. 10). Spider mite densities 
peaked in abundance on control sites in June; however, 
not significantly (P = 0.4405). Densities during the 
other months in 1984 did not show differences between 
control and treated sites. 
Adjusted densities of spider mites on prebaited 
strychnine sites were not significantly higher (P = 
0.1753) on control (15 mites/196 trap nights) than on 
treated sites (5 mites/196 trap nights) in September 
(Fig. 11). Densities of spider mites were generally 
highest in June. Spider mite densities were not different 
between control and treated sites for the remaining 
months in 1984. 
Because there were no differences in treatment 
effects on spider mite densities CF-protection of ~ > 
0.10) for all 3 rodenticides, statistical comparisons 
among the rodenticides were not determined. Refer to 
Appendicies B-11 through B-15 for specific data analyses 
and adjusted values of spider mite densities for each 
rodenticide. 
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Fig. 9. Monthly comparisons of spider mite (Acarina) means/196 trap 
nights on sites treated with zinc phosphide and control sites, 
September 1983-August 1984. Adjusted means (bars) were 
estimated by analysis of covariance. 
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Fig. 10. Monthly comparisons of spider mite (Acarina) means/196 trap 
nights on sites treated with strychnine and control sites, 
September 1983-August 1984. Adjusted means (bars) were 
estimated by analysis of covariance. 
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Fig. 11. Monthly comparisons of spider mite (Acarina) means/196 trap 
nights on sites treated with prebaited strychnine and control 
sites, September 1983-August 1984. Adjusted means (bars) 
were estimated by analysis of covariance. 
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Wolf Spiders (Araneae) 
Wolf spiders (Lycosidae) were the third most 
common taxa captured during the 1983 and 1984 trapping 
sessions. Relative densities of wolf spiders on zinc 
phosphide treated sites were not different (P = 0.6416) 
from control sites in September (Fig. 12). Adjusted 
densities during June (P = 0.0915) and July (P = 0.0152) 
were greater on treated sites as compared to control 
sites. Densities of wolf spiders on control and treated 
sites in May and August were not significantly different. 
Wolf spider densities decreased 13% (P = 0.0634) 
on the 
compared 
strychnine treated sites 
to the control sites 
in September when 
(Fig. 13). Relative 
densities increased on the 
0.1822). The differences of 
treated sites in 
wolf spider 
June (P = 
densities 
between control and treated sites were not significant 
for other months. 
Prebaited strychnine applied for prairie dog 
control did not immediately affect (P = 0.2412) wolf 
spider densities in September 1983 (Fig. 14). There were 
no differences in relative densities between control and 
treated sites during 1984. 
Comparisons among the 3 rodenticides were not 
conducted for May and August since no treatment effect 
was detected (F-protection at a > 0.10). There was no 
difference (P = 0.9289) in efficacy between treatments of 
37 
Fig. 12. Monthly comparisons of wolf spider (Araneae) means/196 trap 
nights on sites treated with zinc phosphide and control 
sites, September 1983-August 1984. Adjusted means (bars) 
were estimated by analysis of covariance. 
1 
2 
Means followed by same letter by session were not significant 
at a= 0.20 after F-protection at a= 0.10. Pretreatment 
(covariate) means were used to adjust posttreatment means 
for statistical comparisons. 
Posttreatment minus pretreatment was used to adjust data for 
statistical analysis. 
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Fig. 13. Monthly comparisons of wolf spider (Araneae) means/196 trap 
nights on sites treated with strychnine and control sites, 
September 1983-August 1984. Adjusted means (bars) were 
estimated by analysis of covariance. 
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Fig. 14. Monthly comparisons of wolf spider (Araneae) means/196 trap 
nights on sites treated with prebaited strychnine and 
control sites, September 1983-August 1984. Adjusted means 
(bars) were estimated by analysis of covariance. 
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zinc phosphide and strychnine 
11). Strychnine reduced wolf 
than zinc phosphide in June (P 
0.0298). 
40 
in September (Appendix A-
spider densities greater 
= 0.0267) and July (P = 
There was no difference (P = 0.5298) in efficacy 
rates between zinc phosphide versus prebaited strychnine 
in September 1983 (Appendix A-12). Zinc phosphide 
reduced wolf spiders in June (P = 0.1826) and July (P = 
0.0290) when compared to prebaited strychnine. There was 
no difference in main effects between strychnine alone 
and prebaited strychnine for September, June, and July 
(Appendix A-13). 
Crickets (Orthoptera) 
Crickets were the fourth most abundant inverte-
brate and included true cricket (Gryllidae) and camel 
cricket (Gryllacrididae) families. There were no 
immediate (P = 0.2953) impacts from zinc phosphide on 
cricket relative densities in September (Fig. 15). 
Monthly trends in densities were variable the following 
year on both control and treated sites. Differences in 
cricket densities between treatments were not significant 
( a > 0. 20) for May through August. 
Relative densities of crickets were not affected 
by strychnine treatment in September (P = 0.2963) (Fig. 
16). There were no long-term differences (a> 0.10) in 
cricket densities on control and treated sites in 1984, 
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Fig. 15. Monthly comparisons of cricket (Orthoptera) means/196 trap 
nights on sites treated with zinc phosphide and control 
sites, September 1983-August 1984. Adjusted means (bars) 
were estimated by analysis of covariance. 
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Fig. 16. Monthly comparisons of cricket (Orthoptera) means/196 trap 
nights on sites treated with strychnine and control sites, 
September 1983-August 1984. Adjusted means (bars) were 
estimated by analysis of covariance. 
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but monthly trends generally were higher on the treated 
sites from May through July. 
Adjusted relative densities of crickets on 
control and treated sites in September were not affected 
(P = 0.2963) by prebaited strychnine (Fig. 17). Densities 
of crickets were not significantly different ( ~ > 0.10) 
between control and treated sites in 1984. 
Rodenticide treatments (F-protection at a > 
0.10) did not significantly affect cricket densities 
inunediately after poisoning prairie dogs in 1983 or the 
following year. Therefore, comparisons of efficacy among 
the 3 rodenticides were not determined. Appendicies B-21 
through B-25 indicate data analyses and adjusted values 
of cricket densities for each rodenticide. 
Ground Beetles (Coleoptera) 
The most numerous Coleopteran captured were 
ground beetles (Carabidae). There were no inunediate (P = 
0.6859) reductions on relative densities of ground 
beetles (Fig. 18). Adjusted densities between control 
and treated sites were reduced on treated sites (P = 
0.0214) in May. No long-term reductions on ground beetles 
were found from June through August. 
The use of strychnine for prairie dog control did 
not cause immediate reductions of ground beetles in 
September (P = 0.6859) (Fig. 19). Long-term effects of 
rodenticide treatments on ground beetle densities were 
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Fig. 17. Monthly comparisons of cricket (Orthoptera) means/196 trap 
nights on sites treated with prebaited strychnine and 
control sites, September 1983-August 1984. Adjusted 
means (bars) were estimated by analysis of covariance. 
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Fig. 18. Monthly comparisons of ground beetle (Coleoptera) 
means/196 trap nights on sites treated with zinc 
phosphide and control sites, September 1983-August 1984. 
Adjusted means (bars) were estimated by analysis of 
covariance. 
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Fig. 19. Monthly comparisons of ground beetle (Coleoptera) 
means/196 trap nights on sites treated with strychnine 
and control sites, September 1983-August 1984. Adjusted 
means (bars) were estimated by analysis of covariance. 
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found with increased densities in May (P = 0.0766) and 
June (P = 0.0438) on treated sites. There were no 
treatment effects on ground beetles in July (P = 0.1050) 
and August (0.6509). 
Initial treatment of sites with prebaited 
strychnine in September (P = 0.6859) did not reduce 
ground beetle relative densities (Fig. 20) as compared to 
control sites. Long-term reductions on densities were 
found on treated sites as compared to control sites in 
May (P = 0.0511). Differences in relative densities of 
ground beetles 
August. 
were not significant in June through 
Efficacy comparisons were made among the 3 
rodenticides at a < 0.20 when significant rodenticide 
effects ( F-protection at a < O .10) were detected on 
ground beetle densities. Since there were no impacts on 
ground beetles in September 1983 and July and August 
1984, rodenticide comparisons were not conducted for 
these months. 
A comparison of zinc phosphide versus strychnine 
showed that zinc phosphide (P = 0.0155) reduced ground 
beetle densities greater than prebaited strychnine in May 
(Appendix A-14). There was no difference (P = 0.4166) in 
reduction of ground beetle densities between the 2 
rodenticides in June. 
Zinc phosphide compared to prebaited strychnine 
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Fig. 20. Monthly comparisons of ground beetle (Coleoptera) 
means/196 trap nights on sites treated with prebaited 
strychnine and control sites, September 1983- August 1984. 
Adjusted means (bars) were estimated by analysis of 
covariance. 
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indicated no difference between treatments in May (P = 
0.9814) (Appendix A-15). Prebaited strychnine reduced 
ground beetle densities in June (P = 0.0175) greater than 
zinc phosphide. Upon comparing the 2 strychnine 
treatments (Appendix A-16), prebaited strychnine reduced 
ground beetle densities greater than strychnine alone in 
May (P = 0.0190) and June (P = 0.0225). 
Dung Beetles (Coleoptera) 
The second most abundant Coleopteran captured 
were dung beetles (Scarabaeidae). Immediate impacts of 
zinc phosphide on dung beetle densities were not 
significant CF-protection at a> 0.10) on treated sites 
as compared to control sites in September (Fig. 21). 
Relative densities of dung beetles were not different 
between treated and control sites in May, July, and 
August. A difference between treatments was detected in 
June (P = 0.0879) when dung beetle abundance was lower on 
the treated sites. 
Adjusted densities of dung beetles were extremely 
low in September ( < 1 beetle/196 trap nights) on 
strychnine sites and no significant impacts by strychnine 
were detected (Fig. 22). Differences in dung beetle 
densities on control and treated sites were observed in 
June when a 39% reduction occurred (P = 0.0954). There 
were no differences in densities between control and 
treated sites during May, July, and August. 
Fig. 21. Monthly comparisons of dung beetle (Coleoptera) 
means/196 trap nights on sites treated with zinc 
phosphide and control sites, September 1983-August 
1984. Adjusted means (bars) were estimated by 
analysis of covariance. 
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Fig. 22. Monthly comparisons of dung beetle (Coleoptera) 
means/196 trap nights on sites treated with strychnine 
and control sites, September 1983-August 1984. Adjusted 
means (bars) were estimated by analysis of covariance. 
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Prebaited strychnine applied for prairie dog 
control did not significantly (P = 0.2427) affect dung 
beetle densities in September (Fig. 23). There were no 
statistical long-term impacts on dung beetle densities by 
prebaited strychnine in 1984. 
Rodenticide efficacy on dung beetles was detected 
in June 1984 at a < 0.20 CF-protection at a> 0.10). 
Contrasts of rodenticides were not tested for September 
1983, May, July, and August 1984 since rodenticide 
effects were not detected. A comparison of zinc phosphi-
de versus strychnine · for main effects on dung beetle 
densities in June indicated no differences (P = 0.3851) 
(Appendix A-17). However, zinc phosphide reduced 
dung beetles greater than prebaited strychnine (P = 
0.0546) in June (Appendix A-18). Strychnine was more 
effective (P = 0.1067) in reducing dung beetles than 
prebaited strychnine in June (Appendix A-19). 
Darkling Beetles (Coleoptera} 
Darkling beetles (Tenebrionidae} were the third 
most numerous Coleopteran captured during 1983 and 1984 
trapping sessions. Zinc phosphide applied for prairie dog 
control resulted in inunediate reductions (P = 0.0843) of 
darkling beetle densities in September (Fig. 24). Long-
term differences of relative densities between control 
and treated sites were observed in May (P = 0.0366) which 
densities were lower on treated sites. There were no 
Fig. 23. Monthly comparisons of dung beetle (Coleoptera) 
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Fig. 24. Monthly comparisons of darkling beetle (Coleoptera) 
means/196 trap nights on sites treated with zinc 
phosphide and control sites, September 1983-August 
1984. Adjusted means (bars) were estimated by 
analysis of covariance. 
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statistical differences in densities between treatments 
in June, July, and August. 
There were no inunediate (P = 0.8896) impacts of 
strychnine on darkling beetles in September (Fig. 25). 
Relative densities of beetles in May (P = 0.0003) were 
higher on 
During the 
treated sites 
remaining 1984 
as compared 
season, no 
to control sites. 
differences ( a > 
0.10) in beetle densities occurred between treatments. 
Darkling ·beetles were not immediately affected 
(P = 0.9311) by the prebaited strychnine used for prairie 
dog control in September (Fig. 26). In May, significantly 
(P = 0.0482) lower densities of darkling beetles occurred 
on treated sites as compared to control sites. There were 
no differences in densities between treatments in June, 
July, and August. 
Comparisons of efficacy between the 3 
rodenticides were made at a < 0.20 when treatment effects 
on darkling beetles were detected CF-protection at a < 
0.10). Statistical contrasts among rodenticides were not 
determined for June, July, and August since there were no 
significant treatment effects. A comparison of zinc 
phosphide versus strychnine indicated that zinc phosphide 
reduced dung beetle densities greater than strychnine in 
September 1983 (P = 0.1904) and in May 1984 (P = 0.0019) 
(Appendix A- 20). 
Contrasts of zinc phosphide and prebaited 
Fig. 25. Monthly comparisons of darkling beetle (Coleoptera) 
means/196 trap nights on sites treated with strychnine 
and control sites, September 1983-August 1984. Adjusted 
means (bars) were estimated by analysis of covariance. 
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Fig. 26. Monthly comparisons of darkling beetle (Coleoptera) 
means/196 trap nights on sites treated with prebaited 
strychnine and control sites, September 1983-August 1984. 
Adjusted means (bars) were estimated by analysis of 
covariance. 
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strychnine for efficacy showed neither immediate nor 
long-term differences among rodenticides { a > 0.20) 
(Appendix A-21). In September, a comparison of strychnine 
versus prebaited strychnine for efficacy on darkling 
beetle densities showed no differences {P = 0.8478) 
between efficacy rates of rodenticides {Appendix A-22). 
However, prebaited strychnine reduced darkling beetles 
greater than strychnine in May (P = 0.0016). 
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DISCUSSION 
Small Mammals 
Small mammals are important components of prairie 
dog towns. Their fossorial activities mix and enrich 
soils; their food habits may affect vegetation, seed, and 
invertebrate distribution and abundance; and they provide 
a food base for predators. The biological importance of 
small mammal-prairie dog associations is lacking in 
biological literature. When small mammals injest 
rodenticides used for prairie dog control, the 
incidental loss of these rodents may change the 
ecological balance on prairie dog towns. The habitat for 
small mammals is altered due to the absence of prairie 
dogs clipping vegetation. Thus, rodenticide treatment of 
prairie dogs on towns can directly and indirectly affect 
small mammal densities. Little information is available 
on the repopulation of small mammals on areas that have 
been poisoned (Wood 1965). 
This study conducted in western South Dakota 
dealt with the direct effects of rodenticides (zinc 
phosphide, strychnine, and prebaited strychnine) on deer 
mice densities, but 
mammals were not 
impacts on 
detected. 
other nontarget small 
It is suggested that 
granivores such as Perognathus spp. and Dipodomys spp. 
found on prairie dog towns in western South Dakota may 
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also be affected by rodenticides. Further investigations 
are needed in this area to detect nontarget losses of 
small mammals other than deer mice. 
Among the 3 rodenticide applications used for 
prairie dog control, sites treated with zinc phosphide 
had reduced deer mice densities, but not statistically 
significant. On these sites, zinc phosphide was also the 
most effective in reducing prairie dog burrow activity 
(Apa 1985). However, the 2 strychnine treatments showed 
long-term impacts of increased deer mice densities. Deer 
mice consume seeds (Baker 1968, Flake 1973, Sieg et al. 
1985) and are susceptible to rodenticides applied on 
grain. After initial treatment of rodenticides, changes 
in deer mice populations may be more associcated with 
habitat changes in vegetation (Uresk 1985) due to the 
lack of clipping by prairie dogs. Deer mice are adapted 
to live in more open habitat (Baker 1968, Agnew et al. 
1986, Jones et al. 1983, Maccracken et al. 1985a) and 
their numbers decreased with increased vegetation height 
and canopy cover. Prairie dog burrows were initially 
devoid of vegetation before rodenticide application. 
Increased plant canopy cover and above ground biomass 
.occurred with the absence of prairie dogs (Klatt 1971, 
Potter 1980). 
Increased changes in densities of deer mice might 
be attributed to seasonal movements of deer mice from 
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other areas (Terman 1968). An influx of rodents usually 
occurred in the spring when yearling deer mice 
established home ranges (Maccracken et al. 1985a) and 
lower densities in August were due to dispersal of young-
of-the-year (Falls 1968, Metzgar 1980). 
Overall, zinc phosphide may have the greatest 
immediate impact on nontarget small mammals when compared 
to the 2 strychnine treatments in this study. Crabtree 
(1962) and Marsh et al. (1980) found that zinc phosphide 
produced a response-stimulating odor. This improved the 
attractiveness of the rodenticide to small mammals. 
Strychnine did not have an attractive effect on rodents 
(Marsh et al. 1980). Because nontarget granivores, such 
as deer mice, are vulnerable to zinc phosphide, managers 
should consider possible losses of small mammals in 
prairie dog poisoning campaigns. 
Invertebrates 
Biological literature lacks supportive information 
on direct and indirect effects of zinc phosphide and 
strychnine on nontarget invertebrates. Marsh (1962) 
reported that invertebrates will carry off and consume 
poisoned bait distributed for rodent control. A change in 
plant communities. (Uresk 1985), availability of empty 
animal borrows for security cover, and lack of continual 
soil tillage by prairie dogs, influences insect and 
arachnid density and diversity (Koford 1958) after 
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prairie dogs have been poisoned. 
Inunediate reductions of ant densities on sites 
treated with zinc phosphide are directly attributed to 
the rodenticide. Harvester ants (Pogonmyrex spp.) in 
western states feed principally on seeds and can be 
exterminated with grain baits laced with poison (Furniss 
and Carolin 1977, Milne and Milne 1980). In this study, 
changes in ant densities after rodenticide treatment 
were attributed to habitat changes. The lack of bare 
ground near abandoned prairie dog burrows (Klatt 1971, 
Potter 1980) may have affected ant densities. Low stages 
of plant succession on burrows maintained by prairie dogs 
improved the habitat for harvester ants (Koford 1958). 
Ant densities were not reduced by strychnine 
alone or by prebaited strychnine. Thus, among rodenticide 
comparisons, zinc phosphide was more effective in 
reducing ant densities than either strychnine treatment. 
Spider mites were not affected by the 3 
rodenticides because of their food preference (Borror and 
White 1970, Milne and Milne 1980). Members of the Acarina 
order are equipped with piercing mouth parts for sucking 
plant juices and usually feed on live green vegetation 
(Borror and DeLong 1971). Greater numbers of spider mites 
occurred in September due to dispersal of hatchlings 
(Hewitt and Burleson 1975, Milne and Milne 1980). 
Strychnine alone showed inunediate reductions of 
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wolf spider relative densities. It is questionable that 
strychnine directly reduced wolf spiders since these 
arachnids do not consume seeds (Lowrie 1973, Milne and 
Milne 1980). However, it is suggested that strychnine 
influenced the food base of the predatory spider. Long-
term effects of zinc phosphide and strychnine showed 
increased densities of wolf spiders on treated areas. 
Vegetation height on treated prairie dog towns increases 
after the elimination of herbivorous prairie dogs (Klatt 
1971, Potter 1980). Wolf spiders are active on the soil 
surf ace and seek cover under vegetation and debris to 
hunt (Lowrie 1973). Thus, the change in vegetation 
allowed for greater cover and prey diversity. Murdock et 
al. (1972) found a strong correlation between foliage 
height diversity and invertebrate diversity. 
Crickets did not respond to the 3 rodenticide 
treatments because crickets do not depend upon seed and 
grain for their survival (Allen 1967, Borror and White 
1970, Milne and Milne 1980). They are opportunistic, 
feeding on plant foliage, seedlings, dying and dead 
insects, hair, hide, and carrion. 
Ground beetles were not inunediately affected by 
the rodenticides because they do not consume seeds~ They 
are voracious predators (Milne and Milne 1980). Relative 
densities of ground beetles varied during the year 
following rodenticide application. This was attributed to 
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a reduced prey base and habitat changes. 
The 3 rodenticides applied for prairie dog 
control did not inunediately affect dung beetle densities. 
Dung beetles are scavengers on the prairie and recycle 
dung, carrion, and decaying vegetative matter (Kramm and 
Kramm 1972, Milne and Milne 1980). The poisoned grain on 
prairie dog mounds did not affect dung beetle densities 
but the absence of prairie dog fecal material may have 
contributed to lower densities on treated areas the 
following year. Upon comparing efficacy rates, zinc 
phosphide and strychnine had greater effects on densities 
of dung beetles than prebaited strychnine. 
Darkling beetles were inunediately affected by 
zinc phosphide. They are detritivores but will consume 
small amounts of seeds (Kramm and Kramm 1972, Rogers et 
al. 1978). Darkling beetle densities varied the year 
following rodenticide treatments and responded to 
significant changes in plant productivity (Thomas and 
Sleeper 1977). Densities are also governed by the amount 
of summer rainfall and soil moisture (Rogers et al. 1978, 
Thomas 1979). 
Overall, spider mites and crickets were not 
affected by the 3 prairie dog . rodenticides. Immediate 
impacts of zinc phoshide on invertebrate densities were 
found with ant and darkling beetle densities and 
strychnine in which wolf spider densities were reduced. 
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Reductions in beetle densities following the application 
of prairie dog rodenticides were attributed to biotic and 
abiotic habitat changes. Prebaited strychnine induced the 
least amount of direct and indirect reductions of 
invertebrate families, followed by strychnine and zinc 
phosphide. 
Invertebrates are overlooked in ecological studies 
that pertain to nontarget losses due to rodenticides. 
These small fauna are important components of rangeland 
ecosystems (Hamm 1972, HeWitt et al. 1974, Agnew 1983, 
Sieg et al. In Press). Insects and archnids often make up 
a large percentage of animal protein matter in the diets 
of mammal species that are associated with prairie dog 
towns. These include swift fox (Vulpes velox) (Uresk and 
Sharps In Press), burrowing owl (Athene cunicularis) 
(Maccracken et al. 1985b), Northern grasshopper mouse 
(Bailey and Sperry 1929), deer mouse (Flake 1973), and 
other insectivorous animal and avian species. A 
signif iciant loss of insects on prairie dog towns would 
affect the diets of rangeland animals. This study 
examined the effects of rodenticides on 7 invertebrate 
taxa; however, there are many more taxa in western South 
Dakota that may be affected by rodenticides (Table 2). 
The results of this study suggest that managers should 
consider losses of nontarget invertebrates due to zinc 
phosphide and strychnine when conducting prairie dog 
control programs. 
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CONCLUSIONS 
In this study, the poisoning of prairie dogs in 
western South Dakota did not cause statistically signif i-
cant losses of deer mice. However, the use of zinc 
phosphide immediately reduced deer mice densities 
enough to warrant biological concern. Long-term impacts 
of zinc phosphide suggested that deer mice densities were 
consistently lower on treated areas the year following 
poisoning (Fig. 3). These findings suggest that further 
investigation is needed to determine if, in fact, zinc 
phosphide used for prairie dog control causes losses of 
deer mice. Also, other nontarget small mammal densities 
need to be monitored to detect losses due to rodenticides. 
Zinc phosphide caused 
inverebrate densities out 
phosphide as compared to 
the greatest reduction of 
of 7 impacts related to zinc 
the 2 · strychnine treatments. 
Based on these findings, the discontinuation of 
zinc phosphide for prairie dog control is not recommended 
or required, but land management plans should include 
considerations for nontarget small mammal and inverte-
brate losses. The use of strychnine alone or prebaited 
strychnine in this study showed an increase in deer mice 
densities. Use of these 2 rodenticides for prairie dog 
control appears to impose the least threat to nontarget 
small mammals. Immediate losses of invertebrates due to 
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the 2 strychnine treatments were minimal, but the long-
term habitat changes following poisoning may cause 
concern due to alterations in invertebrate diversity and 
density. 
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AppendiK A-1. Monthly precipitation (cm) and average temperature (C) recorded 
at Cedar Pass Weather Station, Interior 3NE, South Dakota, for 
1983 and 1984 (National Oceanic and Atmospheric Administration, 
1983 and 1984). 
1983 1984 
~£~!_h~-~~~--~PreciEi_tation 1'em.E.erature Precipitation Te m £.~!!!~ 
January 5 0 4 -3 
February 3 4 2 
March 42 3 14 1 
April 39 6 55 8 
May 85 I 3 60 I 5 
June 82 19 90 20 
July 48 26 33 25 
August 27 28 34 27 
September 7 19 1 7 
October 27 1 I 10 
November 46 2 2 1 4 
December I 1 - l '• 9 -6 
Appendix A-2. Relative density of small mammals (numbers/256 trap nights on sites treated with 
zinc phosphide and controls in 1983 and 1984. 
1983 1984 
Species Treated Control Treated Control 
Peromyscus maniculatus 6 5 7 10 
Onychomys leucogaster <l 1 <l 0 
Spermophilus tridecemlineatus 0 0 <l 0 
Total 6 6 8 10 
(X) 
N 
Appendix A-3. Relative density of small mammals (numbers/256 trap nights} on sites treated with 
strychnine and controls in 1983 and 1984. 
1983 1984 
Species Treated Control Treated Control 
Peromyscus maniculatus 3 9 <l 2 
Onychomys leucogaster 2 3 2 <l 
Spermophilus tridecemlineatus <l <l 1 <l 
Dipodomys ordii 0 <l 0 0 
Reithrodontomys megalotis <l 0 0 0 
Microtus ochrogaster <l 0 0 0 
Geomys bursarius 0 <l 0 0 
Rattus norvegicus 0 0 0 <l 
Total 6 12 3 3 
Appendix A-4. Relative density of small mammals (numbers/256 trap nights) on sites treated with 
prebaited strychnine and controls in 1983 and 1984. 
1983 1984 
Species Treated Control Treated Control 
Peromyscus maniculatus 12 16 2 3 
Onychomys leucogaster 5 6 1 1 
Dipodomys ordii 0 0 <l 0 
Reithrodontomys megalotis <I 0 0 0 
Perognathus hispidus 0 <l 0 0 
Mus musculus 0 <l 0 0 
Perognathus fasciatus 0 <l 0 0 
Total 17 25 3 5 
Appendix A-5. 
1984 2 
May 
June 
July 
August 
Comparison of zinc 
relative densities 
standard error/256 
phosphide versus strychnine for effects on 
of deer mice (f~£omy.!.£_~ ~~~icul~£.!:!_~) (mean + 
trap nights). 
Zinc Phosphide Versus Strychnine 
Adjusted Effect 
-0.7 + 2 • I 4.7 + 2 • 1 - 5.4 + 2. 1 0.3740 -
-6.3 + I . 6 8.3 + I • 8 -14.6 + 2.0 0.0299 
-3.3 + 1. 6 o.o + 1 . 6 - 3.3 + 1 • 7 0.4217 
-4.3 + 1. 0 7.0 + 1. l -1 1. 3 + 1. 1 0.0180 
1Randomization test used to detect differences between pairs of adjusted means, 
after significant F-protection at a= O. 10. 
2 Treatment effects were not significant (P = 0.2950) in September 1983, therefore, 
statistical contrasts of zinc phosphide versus strychnine were not determined. 
Appendix A-6. 
Session 
1984 
2 
May 
June 
July 
August 
Comparison of zinc phosphide versus prebaited strychine for effects 
on relative densities of deer mice (f~romyscu~ ~~~i£~!~~~) (mean 
+ standard error/ 256 trap nights). 
Zinc Phosphide Versus Prebaited Strychnine 
Zinc Phosphide 
-0. 7 + 2. 1 
-6.3 + 1.6 
-3.3 + J.6 
-4 • 3 + 1 • 0 
Adjusted Effect 
Prcbaited 
_!>. ~.E.Y c h n i n e 
1.0+2.l 
-1.7 + 1.6 
-2.3 + 1.6 
7.3 +I.I 
Main Effect 
1.7 + 2.0 
- 4.6 + 1.6 
J.O + 1.6 
-11.6 +I.I 
. . f . 1 s i K~_1_.!:.£~~£~ 
0.8105 
0.5618 
0.8935 
0.0266 
1
Randomization test used to detect differences between pairs of adjusted means, 
after significant F-protection at a = 0. 10. 
2
Treatment effects were not significant (P = 0.2950) in September 1983, therefore, 
statistical contrasts of zinc phospl1ide versus prebaited strychnine were not 
determined. 
Appendix A-7. 
Session 
1984 2 
May 
June 
July 
August 
Comparison of strychine versus prebaited strychnine for effects 
on relative densities of deer mice (f~~£~Y~~ ~~~i£~!~!~~) 
(mean+ standard error/ 256 trap nights). 
Strychnine Versus Prebaited Strychnine 
Adjusted Effect 
Prebaited 
St rychn i_n_e _____ St rEhnine Main Effect 
4.7+2.1 1.0 + 2.1 3.7+2.l 0.5957 
8.3 + 1.8 -1.7 + 1.6 10.0 + 1.8 0.1739 
0.0 + 1.6 -2.3 + 1.6 2 • 3 + . 1 • 6 0.7554 
7.0 + 1.1 7.3 + 1.1 -0.3 + 1.0 0.9246 
l R d . . an om1zat1on test used to detect differences between pairs of adjusted means, 
after significant F-protection at a. = 0.10 
2Treatment effects were not significant (P = 0.2950) in September 1983, therefore, 
statistical contrasts of strychnine versus prebaited strychnine were not 
determined. 
()0 
...... 
Appendix A-8. 
1983 
September 
1984 2 
July 
August 
Comparison of zinc phosphide versus strychnine for effects on 
relative densities of ants (Hymenoptera) (mean + standard 
e r r o r I 196 t r a p n i g h t s ) . 
Zinc Phosphide Versus Strychnine 
Adjusted Effect 
- 24.5 + 6.5 - 3. 2 + 6.2 - 21.3 + 6.4 0.1360 
8.4 + 12.9 12.1 + 13.1 3.7 + 13.1 0.8532 
-117.0 + 46.1 -12.8 + 25.6 -104.2 + 42.3 0.0594 
1Randomization test used for detecting differences between pairs of adjusted 
means, after significant F-protection at a = 0.10. 
2 rreatme~t effects were not significant (P > 0.10) in May and June 1984, therefore, 
statistical contrasts of zinc phosphide versus strychnine were not determined. 
Appendix A-9. Comparison of zinc phosphide versus prebaited strychnine for effects 
on relative densities on ants (Hymenoptera) (mean + standard error/ 
196 trap nights). -
Zinc Phosphide Versus Prebaited Strychnine 
Adjusted Effect 
Prebaited 
. Se s s i o _!!. ______ ~ i.~ ho~ hid e _____ s t r YE. h n in~ Main Effect 
1983 
September - 24.5 + 6.5 2.5 + 6.2 -27.0 + 6.5 0.0195 
1984 2 
July 8.4 + 12.9 -17.6 + 14.4 26.0 + 13.0 0. 1804 
August -117.0 + 46. l 12.3 + 25.6 -129.3 + 49.6 0.0501 
1
Randomization test used for detecting differences between pairs of adjusted 
means, after sig.nificant F-protection at a= 0.10. 
2Treatment effects were not significant (P > 0.10) in May and June 1984, 
therefore, statistical contrasts of zinc phosphide versus prebaited strychnine 
were not determined. 
Appendix A-10. Comparison of strychnine versus prebaited strychnine for effects 
on relative densities of ants (Hymenoptera) (mean ! standard 
e r r o r I 196 t r a p n i g h t s ) • 
Strychnine Versus Prebaited Strychni~e 
Adjusted Effect 
Prebaited 
~S_e_s_s~i_o_n __ ~~~~s._t~r~y_c_h~n_i __ n_e~~·~~-"-S~trych_n_i_n_e ____ _ 
1983 
September - 3.2 + 6.2 
1984
2 
July 12.1 + 13.1 
August -12.8 + 25.6 
2.5 + 6.2 
-17.6 + 14.4 
12.3 + 25.6 
. ff . . f. 1 Mai. n E e ct -~fil!.~~!!..!!.~-
- 5.7 + 6.2 o.5534 
29.7 + 14.1 o. 1228 
-25.2 + 26.6 o. 1869 
1Randomization test used for detecting differences between pairs of adjusted 
means, a~ter significant F-protection at a = O.JO. 
2Treatment effects were not significant (P > O. JO) in May and June 1984, 
therefore, statistical contrasts of strychnine versus prebaited strychnine 
were not determined. 
Appendix A-JJ. Comparison of zinc phosphide versus strychnine for effects on 
relative densities of wolf spiders (Araneae) (mean + standard 
error/ 196 trap nights). 
Zinc Phosphide Versus Strychnine 
Adjusted Effect 
Session Zinc Phos.E.hide Strychnine Main Effect . . f . l S~_.!:.canc~ 
1983 
September - J. 3 + I • 6 - 1 • 4 + 1 • 6 - 0.2 + 1. 6 0.9289 -
1984 2 
June -16.8 + 1. 6 -14.8 + 1. 6 31. 6 + 8.4 0.0267 - -
July 'J.4 + ' • 6 - 0. l + 1. 6 11. 3 + 2.3 0.0298 
1Randomization test used for detecting differences between pairs of adjusted 
means, after significant F-protection at a= 0.10. 
2 Treatment effects were not significant (P > 0. JO) in May and August 1984, 
therefore, statistical contrasts of zinc phosphide versus strychnine were not 
determined. 
Appendix A-12. Comparison of zinc phosphide versus prebaited strychnine for 
effects on relative densities of wolf spiders (Araneae) (mean 
+standard error/196 trap nights). 
Zinc Phosphide Versus Prebaited Strychnine 
Adjusted Effect 
Prebaited 1 
~~~~on~-~-~Zin~~hi~-e~~~_§_!,!:~£hnin_e~~~- Main~fec!_~~Si~ifi.£~~~-
1983 
September - 1.3 + 1.6 -3.6 + 1.6 2.4 + 1.6 0.5298 
June 16.8 + 1.6 0.3 + 1.6 16.5 + 7.1 o. 1826 
July 11.4 + 1.6 0.3 + 1.6 1 1 • 1 + 2 . 3 0.0290 
1
Randomization test used for detecting differences between pairs of adjusted 
means, after significant F-protection at a= 0.10. 
2 
Treatment effects were not significant (P > O. 10) in May and August 
therefore, stat~stical contrasts of zinc phosphide versus prebaited 
were not deter~~ned. 
1984' 
strychnine 
Appendix A-13. Comparison of strychnine versus prebaited strychnine for effects 
on relative densities of wolf spiders (Araneae) (mean + standard 
error/ 196 trap nights). 
Strychnine Versus Prebaited Strychnine 
Adjusted Effect 
----Prebaited 
. . f. I Session Strychnine Strych!!_ine Main Effect s 1 .&E..!_.!..£!..!!.~-
1983 
September - 3.6 + 1. 6 -1. 0 + l. 6 2.6 + J. 6 0.3555 - - -
1984
2 
June -14.8 + 1. 6 0.3 + 1. 6 - 1 5. 1 + 7.0 0.2565 - -
July 0.3 + 1 • 6 -0. J + J. 6 - 0.3 + 2.2 0.9223 -
1Randomization test used for detecting differences between pairs of adjusted means, 
after significant F-protection at a = O. 10. 
2
Treatment effects were not significant (P > 0.10) in May and August 1984, 
therefore, statistical contrasts of strychnine versus prebaited strychnine 
were not ·determined. 
Appendix A-14. Comparison of zinc phosphide versus strychnine for effects on 
relative densities of ground beetles (Coleoptera) (mean + 
s tan d a rd error I 19 6 trap nights ) • 
Zinc Phosphide Versus Strychnine 
Adjusted Effect 
Session Zinc Phosehide Strychnine Main Effect Significance 
1984 2 
May -5.8 ·+ 4.2 1 8. 5 + 5. 3 -24.3 + 6. 1 0.0155 - -
June 6.4 + s.o 1 3. 5 + 5.6 - 7. 1 + 5.0 0.4166 
1 
1Randomization test used for detecting differences between pairs of adjusted means, 
after sig.ni"ficant F-protection at a= 0. 10. 
2rreatment effects were not significant (P > 0.10) in September 1983, July and 
August 1984, therefore, statistical contrasts of zinc pho~phide versus strychnine 
were not determined. 
Appendix A-15. Comparison of zinc phospl1ide versus prebaited strychnine for 
effects on relative densities of ground beetles (Coleoptera) 
(mean! standard error/196 trap nights). 
Zinc Phosphide Versus Prebaited Strychnine 
Adjusted Effect 
Session Zinc Pho2..£hide --------------- ·------
Pre baited 
~chnine Main Effect 
1984 2 
May -5.8 + 4.2 -5.8 + 4.2 -0.1+4.1 0.9814 
June 6.4 + 5.0 -9.6 + 5.2 16.0 + 5.9 0.0175 
1Randomization test used for detecting differences between pairs of adjusted 
means, after significant F-protection at a= 0.10. 
2rreatment effects were not significant (P > 0. 10) in September 1983, July and 
August 1984, therefore, statistical contrasts of zinc phosphide versus prebaited 
strychnine were not determined. 
Appendix A-16. 
Session ·---
1984 2 
May 
June 
Comparison of strychnine versus prebaited strychnine for effects 
on relative densities of ground beetles (Coleoptera) (mean + 
standard error I 196 trap nights ) • 
Strychnine Versus Prebaited Strychnine 
Strychnine 
18.S + 5.3 
13.5 + 6.6 
Adjusted Effect 
Prebaited 
Strychnine 
-5.8 + 4.2 
-9.6 + 5.2 
, ___ Ma in Ef fec . ..;;t __ _ 
24.3 + 6.1 
23.l + 6.9 
0.0190 
0.0225 
1Randomization test used for detecting differences between pairs of adjusted means, 
after significant F-protection at a = O. 10 
2 
Treatment effects were not significant (P > 0. 10) in September 1983, July and 
August 1984, therefore, statistical contrasts of strychnine versus prebaited 
strychnine were not determined. 
Appendix A-17. Comparison of zinc phosphide versus strychnine for effects on 
relative densities of dung beetles (Coleoptera) (mean + 
standard error/ 196 trap nights). -
Zinc Phosphide Versus Strychnine 
Adjusted Effect 
Session Zinc Phos.~p_h_i_d __ e ________ S_t_r_y_ch_n_i_n_e ________ , ___ M_a_1_·_n Effect 
1984
2 
June -8.9 + 2.5 -4.9 + 2.5 -4.0 + 2.5 0.3851 
1Randomization test used for detecting differences between pairs of adjusted 
means, after significant F-protection at a=· 0. 10. 
2Treatment effects were not significant (P > 0.10) in September 1983, May, July, 
and August 1984, therefore, statistical contrasts of zinc phosphide versus 
strychnine were not determined. 
Appendix A-18. Comparison of zinc phosphide versus prebaited strychnine for 
effects on relative densities of dung beetles (Coleoptera) (mean 
+ standard error/196 trap nights). 
Zinc Phosphide Versus Prebaited Strychnine 
Adjusted Effect 
Session ___ Z_i_n_.c Phosphide 
Prebaited 
Strychnine M . Eff s· "f" l ---~--a __ 1_n~---'e~c __ t~~-~_..;:~1.&~~~~ 
June -8.9 + 2.5 2.5 + 2.5 -11.3 + 2.5 0.0546 
1Randomization test used for detecting differences between pairs of adjusted 
means, after significant F-protection at a = 0. 10. 
2Treatment effects were not significant (P > 0.10) in September 1983, May, 
July, and August 1984, therefore, statistical contrasts of zinc phosphide 
versus prebaited strychnine were not determined. 
-Appendix A-19. Comparison of strychnine versus prebaited strychnine for effects 
on relative densities of dung beetles (Coleoptera) (mean + 
standard error/196 trap nights). 
Strychnine Versus Prebaited Strychnine 
Adjusted Effect 
Prebaited 
Se s s_i_o_n _____ S_t r 1..£!!.._n_i_n_e ______ S_t_r YE. lrn in e. ______ Ma in E ff e c t 
June -4.9 + 2.5 2.5 + 2.5 -7.4 + 2.5 o. 1067 
1Randomization test used for detecting differences between pairs of adjusted 
means, after significant F-protection at a.= 0.10. 
2Treatment effects were not significant (P > 0.10) in September 1983, May, 
July, and August 1984, therefore, statistical contrasts of strychnine versus 
prebaited strychnine were not determined. 
Appendix A-20. Comparison of zinc phosphide versus strychnine for effects on relative 
densities of darkling beetles (Coleoptera) (mean± standard error/196 
trap nights). 
Zinc Phosphide Versus Strychnine 
Adjusted Effect 
Session Zinc Phosphide Strychnine Main Effect Significance l 
1983 
September -3.0 ± 0. 7 0.2 ± 0. 7 -3.2 ± 0. 7 0.1899 
1984
2 
May -1.3 ± 0.3 6.8 ± 0.3 -8.1 ± 0.3 0.0019 
1 Randomization test used for detecting differences between pairs of adjusted means, after 
significant F-protection at a = 0.10. 
2 Treatment effects were not significant (P > 0.10) in June, .July, and August 1984, therefore, 
statistical contrasts of zinc phosphide versus strychnine were ·not determined. 
...... 
0 
0 
Appendix A-21. Comparison of zinc phosphide versus prebaited strychnine for effects 
Session 
1983 
September 
19842 
May 
on relative densities of darkling beetles (Coleoptera) (mean ± standard 
error/196 trap nights). 
Zinc Phosphide Versus Prebaited Strychnine 
Adjusted Effect 
Prebaited 
Zinc Phosphide Strychnine Main Effect Significance 
3.0 ± 0.7 -0.1 ± o. 7 -2.8 ± 0.7 0.2942 
-1.3 ± 0.3 -1.l ± 0.3 -0.3 ± 0.3 0.7318 
1 Randomization test used for detecting differences between pairs of adjusted means, after 
significant F-protection at n = 0.10. 
l 
2 Treatment effects were not significant (P > 0.10) in June, July, and August 1984, therefore, 
statistical contrasts of zinc phosphide versus prebaited strychnine were not determined. 
-0 -
Appendix A-22. Comparison of strychnine versus prebaited strychnine for effects on relative 
densities of darkling beetles (Coleoptera) (mean± standard error/196 
trap nights). 
Strychnine Versus Prebaited Strychnine 
Adjusted Effect 
Pre baited 1 
Session Strychnine Strychnine Main Effect Significance 
1983 
September 0.2 ± 0.7 -0.l ± 0.7 0.4 ± 0.7 0.8478 
1984
2 
May 6.8 ± 0.3 -1.1 ± 0.3 7.8 ± 0.3 0.0016 
1Randomization test used for detecting differences between pairs of adjusted means, after 
significant F-protection at a = 0.10. 
2 Treatment effects were not significant (P > 0.10) in June, July, and August 1984, therefore, 
statistical contrasts of strychnine versus prebaited strychnine were not determined. 
...... 
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Appendix U-1. 
Treatment 
Prebait: 
Relative densities of deer mice Cf~~X~£~~ ~~~!£~!~!~) (mean 
+ standard error/256 trap nights) for pre- (September 1983) and 
posttreatment (September 1983) on treated and control sites for 
each rodenticide. Adjusted means were estimated by posttreatment 
minus pretreatment. 
Pretreatment Post treatment Adjusted Means. Main Effect
1 
Zinc Phosphide 
Treated 8.3 + 2.6 1.3 + 0.7 -7.0 + 2.6 
Control 4.3 + 1.9 2.7 + 0.9 -1.7 + 1.2 -5.1 + 2.6 
Strychnine 
Treated 0.7 + 0.7 1.7 + 1.7 1.0+2.l 
Control 9.0 + 3.2 6.0 + 4.0 -3.0 + 2.0 4.0 + 2.8 
Prebait: 
Strychnine 
Treated 9.3 + 0.9 4.0 + 1.2 -5.3 + 1.9 
Control 16.3 + 2.7 13.0 + 5.5 -3.3 + 3.7 -2.0 + 2.7 
1Main effects were not significant (P = 0.2950), therefore, statistical 
significance of contrasts was not determined for each treatment. --0 
Appendix B-2. 
Treatment 
Prebait: 
Rt!lativc densitil!8 of deer micf! (f£!£!!!Y!.£!!! !!!~.!!i.£~!.!~!) (mean.!. standard crror/ 
256 trap nights) for 1>rc- (Huy 1983) and posttreatment (May 1984) on treated and 
control sites for l!ach rodenticide. Adjusted means were estimated by 
posttreatment minus prl!treatment. 
Pretreatment Post treatment Adjusted Means Hain Effect 
Significance 
Level (Control 
1 Versus Treated) 
Zinc Phosphide 
Treated 8.0 + 1.5 3.7 + 0.3 0.1 + 1.2 
Control 11.0+3.0 12.3 + 3.3 1.3 .:!:. J.8 -0. 7 + 2. I 0.8781 
Strychnine 
Treated 5.7 + 3.0 1.7 + 1.7 -4.0+2.I 
Control 11.7 + 1.8 3.0 + 1.5 -8.7+3.J 4.7+2.I 0.3136 
Prebait: 
St rychn i.ne 
Treated 17.0 + 3.1 S.3 + 0.9 -11.7 + 2.3 
Control 20.3 + 3.0 7.7 + 2.0 -12.7 + 4.7 1.0+2.I 0.8645 
1Randomization test used to detect differences between pairs of adjusted means, after significant 
F-protection at P = 0.0269. 
..... ..... ..... 
Appendix B-3. Relative densities of deer mice<.~!!!!.!.£~.!!!!.!!!!.£~.!..!!~) (mean.! standard error/ 
256 trap nights) for pre- (June 1983) and posttreatment (June 1984) on treated 
and control sites for each rodenticide. Adjusted means were estimated by 
posttreatment minus pretreatment. 
Significance 
Level (Control 1 Treatment Pretreatment Posttreatment Adjusted Heans Hain Effect Versus Treated) 
Prebait: 
Zinc Phosphide 
Treated 7. 0 + 2. I 7.6 + o.3 0.1 .. 2.4 - -
Control 3.7 !. I • 9 10.7 .. 2.6 7. 0 + 4.2 -6.3 + I. 6 0.2527 - - -
Strychnine 
Treated 2. 7 .. I • 5 0.3 + 0.3 - 2. 3 .. I • 5 - -
Control 13. 0 + I. 2 2.3 + I. 9 -10.7 .. 2. 3 8.3 + J. 8 0.0431 - - -
Prebait: 
Strychnine 
Treated 20.7 .. 4.3 0.3 + 0.3 -20.3 .. 4.5 - - -
Control 2 J. 3 + 2. 2 2. 7 + 2.2 -18.7 + 4.3 - I. 7 + I. 6 0.7948 - -
~~~~·--------~----------
1Randomization test used to detect differences between pairs of adjusted means, after significant 
F-protection at P ~ 0.0005. 
Appendix B-4. 
Treatment 
Prebait: 
Relative densities of deer mice (!~~~!~! !.!!..!~!£~!!!~!) (mean ! standard error/ 
256 trap nights) for pre- (July 1983) and posttreatment (July 1984) on treated 
and control sites for each rodenticide. Adjusted means were estimated by 
posttreatment minus pretreatment. 
Significance 
Level (Control 
1 Pretreatment Posttreatment Adjusted Means Hain Effect Versus Treated) 
Zinc Phosphide 
Treated 3.0 + 1. 2 8.3 + 2.3 5.3 + I. 9 -
Control 2.0 + 1. 0 10.7 + I • 7 8.7 + I • 5 -3.3 + I. 6 0.2231 - - -
Strychnine 
Treated 3.7 + 2.7 0.3 + 0.3 - 3. 3 + 2.8 - -
Control 4.3 + 2.3 I. 0 + I. 0 - 3.3 + I. 7 -0. l + I. 6 0.9999 -
Prebait: 
Strychnine· 
Treated 10.3 + 3.0 o.o + o.o -10.3 + 3.0 - -
Control 11.0 + 3.8 3.0 + 2. I - 8.0 + 5.9 -2.3 + l • 6 0.7259 - -
1Randomization test used to detect differences between pairs of adjusted means, after significant 
F-protection at P ~ 0.0070. 
Appendix B-5. 
Treatment 
Prebait: 
Relative densities of deer mice (!~~~~!£~! !!!..!~ic~!!!.!!..!) (mean ! standard error/ 
2 56 t r a p n i g h t s ) f o r p re - ( Aug u s t I 9 8 3 ) a n d po s t t r e 11 t me n t ( Au g u s t I 9 8 4 ) on t re 11 t e d 
and control sites for each rodenticide. Adjusted means were estimated by 
posttreatment minus pretreatment. 
Significance 
Level (Control 
1 Pretreatment Posttreatment Adjusted Means Hain Effect Versus Treated) 
Zinc Phosphide 
Treated 8.3 + 2.6 4.3 + o.1 - 4.0 + 2.6 -
Control 4.3 + I. 9 4.7 + I • 9 0.3 + I. 9 -4.3 + I. 0 0.2543 - - -
Strychnine 
Treated 0.7 + 0. 7 o.o + o.o - 0.7 + 0. 7 - -
Control 9.0 + 3.2 I. 3 + I • 3 - 7. 7 + 2.0 7.0 + I • I 0.0337 - - -
Prebait: 
Strychnine 
Treated 9.3 + 0.9 0.7 + 0.7 - 8.7 + o.J - -
Control 16. 3 + 2. 7 O.J + 0.3 -16.0 + 3.0 1. 3 + I • I 0.0631 - - - -
1Randomization test used to detect differences between pairs of adjusted means, after significant 
F-protection at P = 0.0009. 
Appendix B-6. Relative densities of ante (Hymenoptera) (mean + standard error/196 trap nights) 
for pre- (September 1983) and posttreatment (September 1983) on treated and 
control sites for each rodenticide. Adjusted means were estimated by 
poettreatment minus pretreatment. 
Significance 
Level (Control 
1 Treatment Pretreatment Post treatment Adjusted Means Main Effect Versus Treated) 
Prebait: 
Zinc Phosphide 
Treated 8.9 + 3.7 13.3 + 5.3 4.4 + 6. I -
Control 13.3 + 3.4 42.3 + ". 8 28.9 + 8.4 -24.5 + 6.5 0.0831 - -
Strychnine 
Treated 40.5 + 1 I • 5 43.3 + 12.8 2.8 + 4.6 -
Control 22.6 + 6.3 28.5 + 1I.3 5.9 + 5.7 - 3. 2 + 6.2 0.7098 - -
Prebait: 
Strychnine 
Treated I 9. 3 + 2.5 8. I + 0.2 - II. 3 + 2.4 - -
Control 23.6 + 4.6 9".8 + 5.4 -13.8 + 4.6 2.5 + 6.2 0.6683 - - -
1Randomization test used to detect differences between pairs of adjusted means, after significant 
F-protection at P = 0.0023. 
Appendix 8-7. 
Treatment 
Prebait: 
Relative densities of ants (Hymenoptera) (mean + standard error/ 
196 trap nights) for pre- (May 1983) and posttre-atment (May 1984) 
on treated and control sites for each rodenticide. Pretreatment 
(covariate) means were used to adjust posttreatment means. 
Pretreatment Post treatment Adjusted Means Main Effect 1 
Zinc Phosphide 
Treated 29.8 + 19.0 
Control 39.8 + 14.4 
Strychnine 
Treated 43.7 + 21.8 
Control 22.5 + 15.0 
Prebait: 
Strychnine 
Treated 36.3 + 21.2 
Control 42.3 + 20.9 
1
Main effects were not significant 
significance of contrasts was not 
13.6 + 4.3 19.0 + 13.3 
29.6 + 11.2 25.8 + 15.9 - 6.8 + 13.4 
50.8 + 17.2 43.5 + 6.6 
44.3 + 26.7 56.'• + 13.2 -12.9 + 13.5 
60.0 + 30.5 59.4 + 11.6 
43.9 + 24.6 37.9 + 10.3 21.5 + 13.8 
(P = 0.1946), therefore, statistical 
determined for each treatment. 
Appendix ~-8. 
Treatment 
Prebait: 
Relative densities of ants (Hymenoptera) (mean + standard error/ 
196 trap nights) for pre- (June 1983) and posttreatment (June 1984) 
on treated .and control sites for each rodenticide. Pretreatment 
(covariate) means were used to adjust posttreatment means. 
Pretreatment Post treatment Adjusted Means Main Effect 1 
Zinc Phosphide 
Treated 16.9 + 7 . I 40.8 + I 9 • 7 56.3 + 1 3 • 3 
Control 29.7 + 7.0 26.7 + 11. 6 28.8 + 10.0 27.5 
Strychnine 
Treated 44.7 + 9.3 57.0 + 21.9 43.3 + 12. 1 
Control 39.8 + 18.0 22.8 + 6. 1 14.2 + 1 6 • 6 29.2 
Prebait: 
Strychnine 
Treated 32.9 + I 5 • 8 62.2 = 3 I. 4 60.9 + 18.0 
Control 26.2 + I 3 • 6 26.8 + 1 5. 0 3 2 ·. 6 + I 3. 2 28.2 -
1Main effects were not significant (P = 0.2488), therefore, statistical 
significance of contrasts was not determined for eacl1 treatment. 
+ I 6 • 5 
+ 16. 6 
+ 16. 5 
Appendix 8-9. 
Treatment 
Prebait: 
Relative densities of ants (Hymenoptera) (mean! standard error/196 trap nights) 
for pre- (July 1983) and posttreatment (July 1984) for treated and control sites 
for each rodenticide. Adjusted means were estimated by posttreatment minus 
pretreatment. 
Significance 
Level (Control 
Pretreatment Posttreatment Adjusted Means Main Effect Versus Tr ea fed) 
Zinc Phosphide 
Treated 32. 7 + 3. I 28.8 + 12. 4 - 3.8 + 10.9 -
Control 26.8 + 9.8 20.4 + 4.6 - 6. ] . + 7.4 R.4 .:!:. I 2. 9 0.5582 -
Strychnine 
Treated 39.0 + 15.8 15.8 + 7. I -23.2 + JI. 2 -
Control 36.9 + 12. 9 3.8 + I • 3 -33.2 + 12. 4 1 2. I + I 3. 1 0.3824 - - -
Prebait: 
Strychnine 
Treated 30.7 + 14. 5 14. 6 + 12. I -16.2 + 12. J - -
Control 10.5 + 5.9 32.2 + I 1 • 3 2 1. 7 + 15.2 -17. 6 + 14.4 0.2051 - - - -
1Randomization te~t used to detect differences between pairs of adjusted means, after significant 
F-protection at P = 0.0821. ..... ..... 
00 
Appendix B-10. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of ants (~ymenoptera) (mean ! standard error/196 trap nights) 
for pre- (August 1983) and posttreatment (August 1984) for treated and control 
sites for each rodenticide. Adjusted means were estimated by posttreatment 
minus pretreatment. 
Pretreatment Post treatment 
8.9 + 3.7 21.6 + 5.8 
13.3 + 3.4 143.0 + 57.0 
40.5 + 11.5 10.2 + 2.4 
22.6 + 6.3 5.1 + 2.4 
19.3 + 2.5 17.4 + 11.2 
23.6 + 9.7 9.3 + 4.7 
Adjusted Means 
12.7 + 3.9 
129.7 + 53.6 
- 30.3 + 11.5 
- 17.5 + 5.3 
1.9 + 10.7 
- 14.3 + 5.6 
Hain Effect 
-117.0 + 46.1 
- 12.8 + 25.6 
12.3 + 25.6 
Significance 
Level (Control 
1 Versus Treated) 
0.0498 
0.4071 
0.4026 
1
Randomization test used to detect differences between pairs of adjusted 
F-protection at P = 0.0037. 
means, after significant ..... ..... 
'° 
Appendix B-11. 
Treatment 
Prebait: 
Relative densities of spider mites (Acarina) (mean ~ standard 
error/ 196 trap nights) for pre- (September 1983) and . 
posttreatment (September 1983) on treated and control sites for 
each rodenticide. Pretreatment (covariate) means were used to 
adjust posttreatment means. 
Pretreatment Post treatment Adjusted Means Main Effect 
1 
Zinc Phosphide 
Treated 22.3 + 3.9 18. 3 + 6. 7 30.7 + 4.2 
Control 16.8 + 10. l l I. 3 + 4. 2 27.2 + 6.0 3.5 + 29.2 
Strychnine 
Treated 96.8 + 42.2 122.3 + 51.9 86.7 + 24.7 
Control 35.3 + 11.2 84.4 + 54.6 88.5 + 55.4 -l.8 + 29.2 
Prebait: 
Strychnine 
Treated 48.3 + 39.0 9.5 + 3.4 5.2 + 22.3 
Control 29.7 + 12.1 7.4 + 5 • 7 15.l + 4.2 -9.9 + 29.2 
1
Mnin effects for the immediate impact data were not significant (P = 0.1753), 
therefore, statistical significance of contrasts was not determined for each 
treatment. 
..... 
N 
0 
rtppt:llUlX D-IL. 
Treatment 
Prebait: 
Kelat1ve den1s1t1es of spider mites (Acarina) {mean ! standard 
error/196 trap nights) for pre- {May 1983) and posttreatment 
{May 1984) on treated. and control sites for each rodenticide. 
Pretreatment {covariate) means were used to adjust posttreatment 
means. 
Pretreatment Posttreatment Adjusted Means Main Effect 1 
Zinc Phosphide 
Treated 2.4 + I • 0 0.8 + 0. 7 6.3 + 0.5 
Control 12.1 + 11.6 3.9 + 3. 9 6.8 + 0.8 - 0.5 + 5.3 
Strychnine 
Treated 41.8 + 22.8 25.0 + 14.4 19.9 + 8.8 
Control 22.5 + 21.8 6.3 + 5. 8 6.4 + 0.4 13.5 + 5.3 
Prebait: 
Strychnine 
Treated 35. l + 24.4 ll. l + 5. 5 7.8 + 6.9 
Control 22.5 + 18.7 2.6 + I. 3 2.6 + 3.7 5.l + 5.3 
1
Main effects were not significant {P = 0.2580), therefore, statistical 
significance of contrasts was not determined for earch treatment. 
...... 
N 
...... 
Appendix B-13. 
Trea tmen·t 
Prebait: 
Relative densities of. spider mites {Acarina) {mean + standard 
error/ 196 t rap n i g ht s ) for pre - ( June I 9 8 3 ) and post treat men t 
{June 1984) on treated and control sites for each rodenticide. 
Adjusted means were estimated by posttreatment minus pretreatment. 
Pretreatment Post treatment Adjusted Means Main Effect 
1 
Zinc Phosphide 
Treated I I. 1 + 5.4 5.1 + 3.4 - 6.6 + 4.5 
Control 40.8 + 40.3 4.8 + 4.5 -36. J + 35.8 29.5 + 17.2 
Strychnine 
Treated 2 1 • 3 + I 1 • 1 11.3 + 9.3 -16.0 + 9.4 
Control 2.6 + I • 9 8.1+1.0 s.s + 5.2 -21.5 + 17.1 
Prebait: 
Strychnine 
Treated 6.6 + 5. 5 9.4 + 4.9 2.8 + 3. 3 
Control I. 6 + 1 • 2 2.7 + 0.5 1 • 1 + l. 1 1.8 + 16.9 
1Main effects were not significant (P = 0.4405), therefore, statistical 
significance of contrasts was not determined for each treatment. ..... 
N 
N 
Appendix B-14. Relative densities of spider mites (Acarina) (mean + standard 
error I 196 trap n i g ht s ) for pre - ( Ju 1 y I 9 8 3 ) and po s t t re at men t 
(July 1984) on treated and control sites for each rodenticide. 
Adjusted means were estimated by posttreatment minus 
pretreatment. 
Treatment Pretreatment Post treatment Adjusted Means Main Effect 1 
Prebait: 
Zinc Phosphide 
Treated 14. 3 + 7.2 2. 3 + I • 7 1 2 • 0 + 6.2 
Control 36.0 + 28.9 7. 2 + 3.6 - 28.8 + 26.4 I 6. 8 
Strychnine 
Treated 1 I 7 • 0 + 53.7 J. 7 + 1 • I -115.3 + 53.8 -
Control 8.8 + 3.3 0.8 + 0.8 8. I + 3.6 -107.2 
Prebait: 
Strychnine 
Treated I 8. 5 + 12.0 0.8 + 0.4 I 7. 7 + I 2 • 5 
Control 22.7 + 22.2 3 • 1 + 2.0 - I 9. 6 + 20.3 J. 9 
1Main effects were not significant (P = 0.1039), therefore, statistical 
significance of contrasts was not determined for each treatment. 
+ 29.2 
+ 34. 8 
+ 29.0 
.... 
N ...., 
Appendix B-15. 
Treatment 
Prebait: 
Relative densities of spider mites (Acarina) (mean ~ standard 
error/ 196 trap nights) for pre- (August 1983) and posttreatmcnt 
(August 1984) on treated and control sites for each rodenticide. 
Adjusted means were estimated by posttreatment minus 
pretreatment. 
Pretreatment Post treatment Adjusted Means Main Effect 
1 
Zinc Phosphide 
Treated 22.3 + 3.9 3.2 + 1.8 -19.2 + 2.5 
Control 16.8 + 10.1 6.3 + 4.9 -10.6 + 13.6 - 8.6 + 27.8 
Strychnine 
Treated 96.8 + 42.2 1.3 + 0.8 -95.4 + 43.0 
Control 35.3 + 11.2 0.8 + o.s -34.S + 11.3 -60.9 + 29.6 
Prebait: 
Strychnine 
Treated 48.3 + 39.0 2.6 + 0.8 -45.7+39.I 
Control 29.7 + 12.0 0.1 + 0.1 -29.6 + 12.2 -16.1 + 27.9 
1
Main effects were not significant (P = 0.2866), therefore, statistical 
significance of contrasts was not determined for each treatment. 
Appendix B-16. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Treated 
Control 
Relative densities of wolf spiders (Araneae) (mean + standard error/J96 trap 
nights) for pre- (Septembe~ 1983) and posttreatment-(September 1981) on 
treated and control sites for each rodenticide. Pretreatment (covariate) 
means were used to adjust posttreatm~nt means. 
Significance 
Level (Control 
1 Pretreatment Posttreatment Adjusted Effect Hain Effect Versus Treated) 
10.6 + 2. I 7.4 + 0.2 5.9 + 0.8 
6.8 + ).5 6. 7 + 2. 2 6.6 + 2.0 -0.7 + I. 6 0.6416 - - -
4. I + 0.6 4.8 + 0.) 5.8 + 0.2 -
3. I + I. 0 5.3 + 0. 7 6.7 + 0.4 -0.9 + I. 6 0.0634 -
6. 7 + I. 0 9. I + 2.6 9. I + 2. 3 -
8.9 + 2. 5 13.9 + 2. I 13.0 + I • 5 -4.0 + I. 6 0.2412 -
1Randomization test used to detect differences between pairs of adjusted means, after significant 
F-protection at P • 0.0260. 
Appendix 8-17. Relative densities of wolf spiders (Araneae) (mean ~ standard 
error/196 trap njghts) for pre- (May 1983) and posttreatment 
(May 1984) on treated and control sites for each rodenticide. 
Adjusted means were estimated by posttreatment minus 
pretreatment. 
Treatment Pretreatment Posttreatment Adjusted Means Main 
Prebait: 
Zinc Phosphide 
Treated 1 5. 8 + 0. 1 1 7 • 3 + 3.6 1. 5 + 3.5 - -
Control 10.4 + 2.0 5.4 + 1.4 -5.0 + 3.2 6.5 - -
Strychnine 
Treated 27. 9 + 3.0 27.7 + 2 • I -0.3 + 5.4 -
Control 16. 7 + 2 • 1 1 0. 1 + 1 • 2 -6.6 + 2 . 1 6. 3 -
Prebait: 
Strychnine 
Treated 12.4 + I • 3 6.8 + 2 . 1 -5.6 + I • 2 -
Control 1 0. 1 + 2 • I 6.0 + 1. 5 -4. 1 + 2.9 - 1 • 5 
1
Main effects were not significant (P = 0.5028), therefore, statistical 
significance of contrasts wns not determined for each treatment. 
Effect 
+ 3. 7 
+ 3.7 -
+ 3.7 -
1 
Appendix B-18. 
Treatment 
Prebait: 
Zinc Phosphide 
Treate'd 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of· wolf spiders (Araneae) (mean + standard error/ 196 trap 
nights) for pre- (June 1983) and posttreatment (June 1984) on treated and 
control sites for each rodenticide. Adjusted means were estimated by 
posttreatment minus pretreatment data. 
Pretreatment Post treatment 
14. 3 + 2.3 27. 3 + 4.8 -
14. 6 + 5.3 10.9 + 4.4 - -
45.9 + 9.2 24.2 + 3.4 
13.5 + 4.7 6.6 + 1.2 
19.7 + 3.4 18.4 + 3.0 
15.8 + 2.9 14.3 + 2.4 
Adjusted Means 
13.0 + 6.9 -
- J.7 + J.6 
-21.8 + 7.8 
- 6.9 + 4.9 
1.3 + 6.8 
1.5 + 5.1 
Hain Effect 
16.7+7.I 
-14.8 + 7.0 
0.3 + 6.5 
Significance 
Level (Control 1 
Versus Treated) 
0.0915 
0. 1822 
0.9779 
1 Randomi~ation test used to detect differences between pairs of adjusted means, after significant 
F-protection at P = 0.0337. ...... N ....... 
Appendix B-19. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of wolf spiders (Araneae) (mean + standard error/196 trap 
nights) for pre- (July 1983) and posttreatment (July 1984) on treated and 
control sites for each rod•nticide. Pretreatment data were used as 
covariate to obtain adjusted posttreatment means. 
Significance 
Level (Control 
1 Pretreatment Posttreatment Adjusted Effect Hain Effect Versus Treated) 
22.2 + 7.3 16.9 + 5.0 15.0 + 2.3 -
15. 5 + 4.9 2.7 + 0.8 3. 7 + 2. 7 I I. 4 + 2.3 0.0152 - - -
25.7 + 4.7 12.6 + 2.2 9.3 + I. 0 - -
8.3 + 2.9 5.5 + 2.8 9.3 + 2.4 - 0. I + 2.3 0.9826 - - - -
18. 3 + 7.J 10.6 + 2. 7 10.J + 0.8 -
I 6. 2 + I • 7 9.4 + 2.6 10.0 + 2.2 0.3 + 2.3 0.9124 - - - -
1
Randomization test used to detect differences between pairs of adjusted means, after significant 
F-protection at P = 0.0465. ....... N 
():) 
Appendix B-20. 
Treatment 
Prebait: 
Relative densities of wolf spiders (Araneae) (mean ! standard 
error/196 trap nights) for pre- (August 1983) and posttreatment 
(August 1984) on treated and control sites for each rodenticide. 
Pretreatment (covariate) ·means were used to adjust posttreatment means. 
Pretreatment Post treatment Adjusted Means Main Effect 1 
Zinc PJlosphide 
Treated 10.6 + 2.1 16.3 + 4.9 I 1.0 + 3.0 
Control 6.8 + 3.5 8.0+3.1 7.8 + 2.6 3.2 + 2.6 
Strychnine 
Treated 4.1 + 0.6 4.3 + 0.7 7.9 + 0.6 
Control 3.1 + 1.0 2.6 + 0.8 7.6 + 0.6 0.4 + 2.6 
Prebait: 
Strychnine 
Treated 6.7 + 1.4 14.6 + 5.5 14.6 + 3.8 
Control 8.9 + 2.5 9.3 + 4.2 6.2 + 1.7 8.4 + 2.6 
1Main effects were not significant (P = 0.2041), therefore, statistical 
signifitance of contrasts were not determined for each treatment. 
..... 
N 
~ 
Appendix U-21. 
Treatment 
Prebait: 
Relative densities of crickets (Orthoptera) (mean + standard 
error/ 196 trap nights) for pre- (September 198·3) a;d 
posttreatment (September 1983) on treated and control sites for 
each rodent i c i de. Adjusted means were estimated by post treatment minus 
pretreatment. 
Pretreatment Post treatment Adjusted Means Main Effect 1 
Zinc Phosphide 
Treated 21.7 + 4.2 30.S + 7.8 8.8 + 12.0 
Control 7.3 + 1.6 23.3 + 7.2 16. 1 + 6.0 -7.3 + 6.5 
Strychnine 
Treated 11.2 + 4.2 10.6 + 1.7 - Q.6 + 3. s 
Control 9.8 + 1.8 11.7 + 2.7 1 • 9 + 2. 3 -2.S + 6.5 
Prebait: 
Strychnine 
Treated 9.3 + 0.5 9.8 + 1.3 o.s + I • 7 
Control 15.1 + 4.9 13.2 + 5.5 - 1. 9 + 3. 2 2.4 + 6.5 
1Main effects for the immediate impact data were not significant (P = 0.2963), 
therefore, statistical significance of contrasts was not determined for each 
treatment. 
Appendix B-22. 
Treatment 
Prebait: · 
Relative densities of crickets (Orthoptera) (mean + standard 
error/196 trap nights) for pre- (May 1983) and posttreatment 
(May 1984) on treated and control sites for each rodenticide. 
Adjusted means were estimated by posttreatment minus 
pretreatment. 
Pretreatment Posttreatment Adjusted Means Main Effect 1 
Zinc Phosphide 
Treated 2.6 + J.O 27.7 + 10.0 25.1 + 9.4 
Control 2.8 + 0.7 35.2 + 22.7 32.4 + 23.3 -7.3 + 11.6 
Strychnine 
Treated 6.3 + 2.3 ). 2 - 1.8 + 3. 2 
Control 2.8 + 1.0 3.3 + I • 0 0.5 + I • 1 -2.3 + 11.6 
Prebait: 
Strychnine 
Treated 2.4 + 0.8 5.2 + 2.5 2.8 + 3.0 
Control 1.8 + 1.0 9.5 + 4.3 7.7 + 4.5 -4.9 + I 1.6 
1Main effects were not significant (P = 0. 1853), therefore, statistical 
significance of contrasts was not determined for each treatment. 
Appendix B-23. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of crickets (Orthoptera) (mean + standard 
error/ 196 trap nights) for pre- (June 1983) and po;ttreatment 
(June 1984) on treated and control sites for each rodenticide. 
Adjusted means were estimated by posttreatment minus 
pretreatment. 
Pretreatment Post treatment Adjusted Means Main Effect 1 
12.3 + 3.9 43.2 + 13.6 30.9 + 10.5 
11.4 + 7.9 43.8 + 25.7 32.3 + 30.0 - 1.4 + 12.7 
4.2 + 1.2 8.7 + 2.7 4.5+3.1 
3.2 + 1.1 4.8 + 1.2 1.6 + 2.2 3.0 + 12.7 
4.5 + 1.9 7.0 + 0.9 2.5 + 2.7 
3.3 + 0.2 10.2 + 5.4 6.8 + 5.6 - 4.2 + 12.7 
--------------------------------------------------------------------------------
1Main effects were not significant (P; 0.3750), therefore, statistical 
significance of contrasts was not determined. 
...... 
w 
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Appendix B-24. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of crickets (Orthoptera) (mean + standard 
errorh96 trap nights) for pre- (July 1983) and poittreatment 
(July 1984) on treated and control sites for each rodenticide. 
Adjusted means were estimated by posttreatment minus pretreatment. 
Pretreatment Post treatment Adjusted Means Main Effect 
1 
17.6 + 2. I 2 3. 1 + 6.6 5.5 + 5.7 -
7. 8 + 2.0 30.3 + 1 7. 8 22.5 + 15. 9 -17.0 + 8.5 - - -
9.5 + I • 8 2.8 + 1 . 7 - 6.6 + 1. 7 - -
1 1 • 0 + 3.5 J. 6 + 0.7 - 9.4 + 3.0 2.8 + 8.5 - - -
3.3 + 0.9 3. 7 + 0.7 0.3 + 1. 3 - - -
7.4 + 3. 5 18. 1 + 1 1. I 1 0. 7 + 7.6 -10.3 + 8.5 - - - -
1Main effects were not significant (P = 0.1061), therefore, statistical 
significance of contrasts was not determined. 
Appendix B-25. Relative densities of crickets (Orthoptera) (mean + standard 
error/196 trap nights) for pre- (August 1983) and posttreatment 
( Aug u s t J 9 8 4 ) on t re a t e· d a n d c o n t r o l s i t e s for e a c h rode n t i c id e • 
Adjusted means were estimated by posttreatment minus pretreatment. 
Treatment Pretreatment Post treatment Adjusted Means Main 
Prebait: 
Zinc Phosphide 
Treated 2 1. 7 + 4.2 1 8 • 2 + 2.2 - 3.5 + 6.4 - - -
Control 7.3 + 1. 6 43.8 + 33.5 36.6 + 32.0 -40. J - - -
Strychnirye 
Treated 1 1 • 2 + 4.2 0.9 + 0.2 -10.3 + 4.2 -
Control 9.8 + I • 8 1.4 + 0.3 - 8.3 + I. 8 - I. 9 - - -
Prehait: 
Strychnine 
Treated 9.3 + 0.5 3.8 + 1. 0 - 5.5 + 1. 3 - -
Control I 5 • 1 + 4.9 12. 4 + 4.9 - 2.7 + 3.3 - 2.8 - -
1Main effects were not significant (P = 0.2098), therefore, statistical 
significance of conirasts was not determined for each treatment. 
Effect J 
+ 15.3 -
+ 14. 8 
+ 14.8 -
Appendix B-26. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prcbait: 
Strychnine 
Treated 
Control 
Relative densities of ground beetles (Coleoptera) (mean + 
standard error/196 trap nights) for pre- (September 1983) 
and posttreatment (September 1983) on treated and control sites 
for each rodenticide. Pretreatment (covariate) means were used 
to adjust posttreatment means. 
Pretreatment Posttreat.ment Adjusted Means. Main Effect 1 
2 • '• + 0.6 2.4 + 0.7 2 . I + 0.5 -
I • 9 + 0.5 2.3 + 1 • 0 2.2 .... 0.8 -0. 1 + 0.7 - - - -
2.3 + 1. 0 2.4 + 0.7 2. 1 + 0.9 - - -
0.2 + 0. l 0.8 + 0.4 1 • 6 + 0.4 0.5 + 0.7 - -
0.8 + 0.4 0.8 + 0.3 1. 3 + 0.5 -
3.3 + 2. 7 3.5 + 1. 6 2.7 + 0.2 - I. 4 + 0.7 - - - -
1Main effects were not significant (P = 0.6859), therefore, statistical 
significance of contrasts was not determined for each treatment. 
Appendix B-27. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of ground beetles 
trap nights) for pre- (Hay 1983) and 
control sites for each rodenticide. 
posttreatment minus pretreatment. 
(Coleoptcra) (mean + standard error/196 
posttreatment (Hay l984) on treated and 
Adjusted means were estimated by 
Significance 
Level 
Pretreatment Posttreatment Adjusted Means Hain Effect Versus 
(Control 
1 
Treated) 
0.8 + 0.2 7.8 + 1. 7 6.9 + 1. 6 - - -
I • 9 + 1. 2 14.7 + 0. 7 12.8 + 0.7 - 5.8 ... 4.2 0.0214 - - -
5.6 + I, 4 26.0 + 9.2 20.4 + 8. 7 - -
2. I + 1 • J 4.0 + 0.6 I • 9 + 1. 0 18.5 + 5.J 0.0766 - - -
0.3 + 0. I 1. 3 + 0.5 1.0 + 0.4 -
0.6 + 0.2 7.3 + 2.3 6.8 + 2.3 - 5.8 ... 4.2 0.0511 - - -
1Randomization test used to detect differences between pairs of adjusted means, after significant 
F-protec t ion at P = 0.0274. 
Appendix B-28. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Trea te·d 
Control 
Relative densities of ground beetles (Coleoptera) (mean ! standard error/196 
trap nights) for pre- (June 1983) and posttreatment (June 1984) on treated 
and control sites for each rodenticide. Adjusted means were estimated by 
posttreatment minus pretreatment. 
Significance 
Level (Control 
1 Pretreatment Post treatment Adjusted He ans Main Effect Versus Treated) 
4.4 + 0.8 9.7 + 5.9 5.3 + 5. I -
6.8 + I. 6 5.7 + 2.3 - I. 2 + o. 7 6.4 + 5.0 0.3019 - - - -
9.0 + 2.7 23.3 + 4. 1 14.3 + 5.6 - - -
2.4 + 0.8 3.3 + I. 4 0.8 + 1 • 7 13.5 + 5.6 0.0438 - - - -
14. 2 + 6.9 3.2 + 1.0 -1 I. 0 + 6.0 - - -
7.4 + 5.8 6.0 + 1. 6 - I. 4 + 4.2 - 9.6 + 5. 2 0.2807 - - - -
1Randomization test used to detect differences between pairs of adjusted means, after significant 
F-protection at P = 0.0298. 
Appendix B-29. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of ground beetles (Coleoptera) (mean + 
standard error I 196 trap nights) for pre - (Ju 1 y 1 9 8 3 ) and-
p o st treatment (July 1984) on treated and control sites for 
each rodenticide. Adjusted means were estimated by 
posttreatment minus pretreatment. 
Pretreatment Post treatment Adjusted Means Main Effect 1 
16.8 + 4.4 3.5 + 1.4 -13.3 + 4.0 
9.1 + 3.4 7.2 + 5.3 1.9 + 4.0 -11.4 + 5.8 
7.1 + 0.5 13.7 + 5.6 6.6 + 5.1 
2.1 + 1.0 4.5 + 3.0 2.4 + 1.2 4.2 + 5.3 
10.3 + 0.5 2.4 + 4.3 -7.9 + 3.4 
12.3 + 3.3 12.8 + J.6 0.6 + 3.7 - 8.5 + 5.5 
1Main effects were not significant (P = 0.1050), therefore, statistical 
significance of contrasts was not determined for each treatment. 
Appendix B-30. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of ground beetles (Coleoptera) · (mean! 
standard error/196 trap nights) for pre- (August 1983) and 
posttreatment (August 1984) on treated and control sites for 
each rodenticide. Pretreatment (covariate) means were used 
to adjust posttreatment means. 
Pretreatment Posttreatment Adjusted Means Main Effect 
1 
2.1. + 0.6 2.9 + 0.5 2.4+·1.o 
1.9 + 0.5 7.0 + 3.0 6.9 + 2.9 -4. 5 + 2. I 
2.3 + 1.0 6.1 + 1.7 5.7 + 0.9 
0.2+0.1 3 • 8 + 1 • 7 5.1 + 1.7 o.s + 2.0 
0.8 + 0.4 3.4 + 1.8 4.3 + 2.1 
3.3 + 2.7 S.7 + 2.9 4.4 + 1.7 -0.1 + 2.0 
1
Main effects were not significant (P = 0.6509), therefore, statistical 
significance of contrasts was not determined for each treatment. 
Appendix B-31. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of dung beetles (Coleoptera) (mean + 
standard error/196 trap nights) for pre- (September 1983) 
and posttreatment (September 1983) on treated and control 
sites for each rodenticide. Pretreatment (covariate) means 
were used to adjust posttreatment means. 
Pretreatment Posttreatment Adjusted Means Main Effect 
I . 0 + 1 • 0 0.4 + 0.2 o.s + 0. 2 
19.0 + I 8 . 4 0.3 + 0.3 0. 1 + 0. 1 0.4 + 0. 2 
0.4 + 0.4 0.0 + o.o 0. I + 0. 1 
0.8 + 0.3 0.2 + 0 • I 0.2 + 0. I -0. 1 + 0.2 
0.5 + 0.4 0. 1 + 0. I 0. I + 0. I 
0.7 + 0.4 0.4 + 0.3 0.5 + 0.3 -0.4 + 0.2 -
1Main effects were not significant (P = 0.2427), therefore, statistical 
significance of contrasts was not determined for each treatment. 
I 
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Appendix B-32. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities 
standard error/196 
posttreatment (May 
eac~ rodenticide. 
of dung beetles (Coleoptera) (mean + 
trap nights) for pre- (May 1983) and 
1984) on treated and control sites for 
Adjusted means were estimated by 
posttreatment minus pretreatment. 
Pretreatment Posttreatment Adjusted Means Main Effect 
1 
2.2 + 0.3 5.3 + 2.4 3.2 + 2.6 
2.2 + 0.5 19.8 + 15.8 17.7 + 16.l -14.5 + 21.4 
0.8 + 0.3 9.3 + 2.5 8.6 + 2.5 
3.7+2.I 53.5 + 40.0 49.8 + 40.5 -41.2 + 28.S 
1.5 + 1.0 18.9 + 10.2 l 7. '• + l 0. 5 
0.8 + 0.5 13.5 + 4.5 12.8 + 4.1 4.6 + 20.3 
1
Main effects were not significant (P = 0.5738), therefore, statistical 
significance of contrasts was not determined for each treatment. 
Appendix B-33. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of dung beetles (Coleoptera) (mean + standard error/196 
trap nights) for pre- (June 1983) and posttreatment (J~ne 1984) on treated 
and control sites for each rodenticide. Pretreatment (covariate) means were 
used to adjust poattreatment means. 
Significance 
Level (Control 
1 Pretreatment Post treatment Adjusted He ans Hain Effect Versus Treated) 
3.3 + 0.7 I • 3 + 0.6 - 0.4 + 2. 2 - -
4.6 + 3. 5 13.0 + 10.9 8.2 + 2.4 -8.9 + 2. 5 0.0879 - - - -
0.6 + 0.2 2.8 + I • I 7.9 + 1. 2 - -
0.5 + 0.3 7. 6 + 2.4 12.8 + 1. 7 -4.9 + 2.5 0.0954 - -
2.6 + 1. 3 12. 4 + 1. 4 12.6 + 2.7 - -
4.3 + 2. 1 1 3. 7 + 4. I 9.7 + 2.8 2.5 + 2.5 0.5165 - - - -
1Randomization test used to detect differences between pairs of adjusted means, after significant 
F-protection at P = 0.0136. 
Appendix B-34. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of dung beetles (Coleoptera) (mean + 
standard error/196 trap nights) for pre- (July 1983) and 
posttreatment (July 1984) on treated and control sites for 
each rodenticide. Pretreatment (covariate) means were used to 
adjust posttreatment means. 
Pretreatment Posttreatment Adjusted Means Main Effect 
1 
3.4 + 1 • 6 0.4 + 0.1 0.4 + 0.8 
0.5 + 0.3 1.2 + 0.5 2.4 + 0.5 -2.0 + 0.9 
0.2 + 0.2 0.6 + 0.5 2.0 + 0.5 
0. 1 + 0. 1 0.1 + 0.1 1.5+0.1 0.5 + 0.9 
2.1 + 0.5 2.8 + 1.4 3.3 + 1.5 
14.6 + 11.4 8.0 + s.o 3.4 + 1.1 -0.1 + 0.9 
1Main effects were not significant (P = 0.2092), therefore, statistical 
significance of contrasts was not determined for each treatment. 
• 
Appendix B-35. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of dung beetles (Coleoptera) (mean + 
standard error/196 trap nights) for pre- (August 1983)-and 
posttreatment (August 1984) on treated and control sites for 
each rodenticide. Adjusted means were estimated by posttreatment 
minus pretreatment. 
Pretreatment Posttreatment Adjusted Means Main Effect 1 
1. 0 + I • 0 5.5 + 1. 9 4.5 + 1 • 0 
19.0 ... 18.4 7.0 ... J.3 -12.0 + rs.s 16.5 + 9.5 
0.4 + 0.4 J.6 + 0.4 1.2 + 0.2 
0.8 + 0.3 0.3 + 0.3 - 0.4 + 0.4 1.6 + 8.9 
0.5 + 0.4 J.8 + 0.7 J.3 + 0.8 
0.7 + 0.4 15.2 + 12.2 14.5 + 12. l -13.2 + 9.2 
---------------------------------------------------------------------------------
1Main effects were not significant (P = 0. 3966), therefore, statistical 
significance of contrasts was not determined for each treatment. 
Appendix 8-36. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of darkling beetles (Coleoptera) (mean + standard error/196 
trap nights) for pre- (September 1983) and poRttreatment (ieptember 1983) on 
treated and control sites for each rodenticide. Pretreatment (covariate) 
means were used to adjust posttreatment means. 
Significance 
Level (Control 
1 Pretreatment Post treatment Adjusted Means Hain Effect Versus Treated) 
25.8 + 13.0 9. I + 4. I 4.0 + 0.4 - -
16. 1 + I 1. 4 8.3 + 5,9 4.9 + I. 0 -3.0 + 0.7 0.2062 - - -
4.7 + 0.6 2. 3 + I. 0 2.3 + I. 0 - - -
2.5 + 0.9 I • 2 + 0.7 6.6 + o.o 0.2 + 0.7 0.8544 - - -
4. ' + 3.2 0. I + 0. I I. 0 + 0.6 - - -
5.4 + 3.7 0.8 + 0.6 0.7 + 0.7 -0. ' + 0.7 0.9299 - -
---------
I d . . Ran om1zat1on test used to detect differences between pairs of adjusted means, a ft er significant 
F-protection at p = 0.0001. ...... ~ 
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Append ix B-37. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of darkling beetles (Coleoptera) (mean +standard error/196 
trap nights) for pre- (Hay 1983) and posttreatment (Hay 198{) on treated and 
control sites for each rodenticide. Pretreatment (covariate) means were 
used to adjust posttreatment means. 
Pretreatment ·Posttreatment Adjusted Heans 
0.2 + 0. I 0.7 + 0. I 0.7 + o.o - - -
o.o + o.o I . 7 + 0.4 I . 7 + 0.4 - - -
0.3 + 0.2 7.7 + 1.3 6.7 + 0.4 
0.3 + 0.2 0.9 + 0.3 1.2+0.I 
0.2+0.I 0.1> + o.o o.o + o.o 
o.o + o.o 0.3 + 0.3 0.3 + 0.3 
Hain Effect 
-1. 3 + 0.3 -
6.8 + 0.4 
-1.1 + 0.3 
Significance 
Level (Control 
1 Versus Treated) 
0.0366 
0.0030 
0.0482 
-~~~~~~~-~~~---~-----~---~~---~-~-------
1 Randomizatio~ test used to detect differences between pairs of adjusted means, after significant 
F-protection at P = 0.0001. 
Appendix 1\-38. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of darkling beetles (Coleoptera) (mean + 
standard error/ 196 trap nights) for pre- (June 1983) and 
posttreatment (June 1984) on treated and control sites for 
each rodenticide. Adjusted means were estimated by 
posttreatment minus pretreatment. 
Pretreatment Post treatment Adjusted Means Main Effect 
' • 1 + 0.7 6.8 + 4.0 5 . 7 + 3.3 -
0.9 + 0.4 2.6 + ' . 6 1 • 7 + I. 8 4.0 + 2.0 
6 . l + 0.9 7.3 + 1 • 2 I. 3 + o.o 
0.3 + 0.2 I. 0 + 0.9 0. 7 + 0.8 0.6 + 2.0 -
0. l + 0. I 1 • 3 + 0.9 1 • 3 + 0.9 
0.0 + o.o 3. 6 + 1. 8 3. 6 + 1. 8 -2.3 + 2.0 
1
Main effects were not significant (P = 0.3903), therefore, statistical 
significance of contrasts was not determined for each treatment. 
' 
Appendix B-39. 
Treatment 
Prebait: 
Zinc Phosphide 
Treated 
Control 
Strychnine 
Treated 
Control 
Prebait: 
Strychnine 
Treated 
Control 
Relative densities of darkling beetles (Coleoptera) (mean + 
standard error/196 trap nights) for pre- (July 1983) and -
posttreatment (July 1984) on treated and control sites for 
each rodenticide. Pretreatment (covariate) means were used 
to adjust posttreatment means. 
Pretreatment Post treatment Adjusted Means· Main Effect 1 
12.9 + 7.5 30.3 + 10.3 18.9 + 2.7 
7.3 + 2.4 23 .• 2 + 10.6 20.1+8.6 -1.2 + 4.3 
8.5 + 1.6 12.4 + 3.3 7.6 + 2.5 
1.1 + 0.3 6.4 + 1.3 -· 12.6 + 0.8 -5.0 + 4.3 
0.8 + 0.6 1.7 + 0.9 8.2 + 0.3 
0.9 + 0.5 3.7 + 1. 9 10.1 + 1.2 -1.9 + 4.3 
1
Main effects were not significant (P = 0. 1606), therefore, statistical 
significance of contrasts was not determined for each treatment. 
Appendix B-40. Relative densities of darkling beetles (Coleoptera) (mean ± standard error/ 196 
trap nights) for pre- (August 1983) and posttreatment (August 1984) on treated 
and control sites for each rodenticide. Pretreatment (covariate} means were 
used to adjust posttreatment means. 
Treatment Pretreatment Post treatment Adjusted Means Main Effect 
1 
Pre bait: 
Zinc Phosphide 
Treated 25.8 ± 13.0 13.0 ± 6.0 4.6 ± 0.1 
Control 16.1 ± ll.4 13.3 ± 8.8 10.1 ± 3.0 -5.4 ± 2.1 
Strychnine 
Treated 4.7 ± 0.6 6.6 ± 2.5 9.3 ± 2.2 
Control 2.5 ± 0.9 5.1 ± 2.3 8.9 ± 2.5 0.4 ± 2.1 
Prebait: 
Strychnine 
Treated 4.1 ± 3.2 1.8 ± 1. 2 4.7 ± 2.1 
Control 5.4 ± 3.7 4.5 ± 2.5 6.8 ± 0.9 -2.1 ± 2.1 
1 Main effects were not significant (P = 0.3400), therefore, statistical significance of contrasts 
was not determined for each treatment. 
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